Studies on the Age-Related Changes in the Rat Central Nervous System : Correlation with Environmental (Restraint) Stress by Gupta, Achla
STUDiES ON THE AGE-RELATED CHANGES IN THE 
RAT CENTRAL NERVOUS SYSTEM : CORRELATION 
WITH ENVIRONMENTAL (RESTRAINT) STRESS 
ABSTRACT 
Thesis Submitted for the Degree of 
JBottor of 
in 
Z D D L D G Y 
ACHLA GUPTA 
INTERDISCIPLINARY BRAIN RESEARCH CENTRE 
AND 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
19 9 2 
BST RACT 
If wrinkles must be written upon our brows let them 
not be written upon the heart; the spirit should not 
grow old 
- .lames A. Garfield 
The advancement of science has given birth to modernization and 
urbanization due to which, on one hand, man has been thinking to set t le 
on moon while on the other hand, the whole of the environment* has 
been polluted. This has produced many health hazards. Different types 
of stresses are present in our daily life and they a f fec t the different 
systems of the body at different rates. Nervous system is the most 
vulnerable component of the body. In the present study, an a t tempt 
has been made to delineate the age-related and stress-induced alterations 
in the central nervous system of rat biochemically, histochemically and 
uitrastructurally. Effects of N-accty Ihomocystcinc thiolactone (citiolone) 
alone and following restraint stress have also been studied in various 
regions of aged rat CNS particularly related to some of the biochcmical 
parameters. 
For the present study, five different age groups of albino rats 
(Charles Foster, 3^6,12,18 and months old) were used. They were 
divided into four groups: (i) Control (ii) Experimental rats which were 
kept in specially designed cages in which their movement was restricted 
for 2^ 1 hours, (iii) Experimental rats which were given N-acetylhomo-
cysteine thiolactone (8.0 trig/kg body weight for 7 days, i.p. daily), and 
(iv) Experimental rats which were administered N-acetylhomocysteine 
thiolactone as mentioned above and restraint stress for 24 hours prior 
to their sacnf icc for biorhcnurcil estimation. However, for liistochernirul 
and electron nnicrosccpic studies, only 3 and 2U nnonths rats were used. 
They were exposed to hours restraint stress and thereaf ter sacrificed 
and their brain and spinal cord were removed rapidly and dissected 
out into different regions - hippocampus, hypothalamus, cerebrum, cere-
bellum, brain stem and spinal cord. Finally, various parts of CNS were 
processed and neurobiochemical, histochemical and ultrastructural studies 
were made following standard methods. 
Results concerning the e f fec t s of res i -a i r t stress and N-acetylhomo-
cysteine thiolactone as well as N-acetyihomccysteine thiolactone plus 
restraint stress in different regions of CNS of aged rats are summarized 
as follows: 
Restraint stress produces modificatio-^s of the gastric mucosa leading 
to focal areas of paruai surface erosions, followed oy a detechment 
of the superficial cells resulting into gastric u'cers of variable 
shapes and sizes. Restraint, stress-ind jced eicvat.on of Cortisol 
was also observed in the present study. 
Brain is rich in lipids. The data show that total lipid, phospholipids, 
cholesterol, triglycerides increased with the passage of time (3 
to 2U months), whereas, ganglioside s elevated from 3 to 18 months 
while, depleted in 2U months old rats. Hcwevc-, significant decrease 
was found in all the parameters a f te r l^i ' ours restraint stress. 
The major consequences of r^aciive oxygen species damage in a 
tissue are lipid peroxidation and their products. In the present 
study the levels of lipid peroxides, lipid hydroperoxides, conjugated 
dienes and lipofuscin elevated with senescence as well as following 
hours restraint stress in various regions of .at CNS. 
Antioxidant defence system - Glutathione is one of the major aqueous 
antioxidant of cellular systems and its content is correlated with 
life-span of organisms. The present study shows extensive loss 
of reduced glutathione (GSH), t o t a l -5H (T-SH) and protein -SH 
levels in hippocampus, hypothalamus, cerebrum, cerebellum, brain 
stem and spinal cord of aged rats af ter restraint stress. Interestingly, 
oxidized glutathione (GSSG) contents increasea witli age and restraint stress. 
From these observations it can be inferred that there is an increase 
in oxidative stress with age and a concomitant loss of antioxidant 
defenses. 
SOD is an enzyme which participates to control the damage of 
tissue produced by free radicals. The data show a progressive 
loss of SOD enzyme activity with age and restraint stress in various 
regions of CNS. This may be the result of proliferation of glial 
cells due to neuronal degeneration associated with age. 
Catalase activity is very low in brain tissue. It was observed that 
catalase activity declined in various regions of brain (hypothalamus, 
hippocampus, cerebrum, cerebellum, brain stem) and spinal cord 
with age following cn t inuous hours restraint stress. 
Glutathione reductase, glutathione peroxidase and glutathione-S-
transferase were found to reduce with age following restraint stress. 
The decline in GSH pool may be limiting the activity of these 
enzymes with age and stress. 
The present study show age-related increase in MAO activity in 
different brain regions and spinal cord following restraint stress. 
The increase in MAO further confirms the observations made with 
protective enzymes. The age-related and stress-induced increase 
in MAO may contribute to oxyradical fluxes m brain as one of 
its products. generate highly reactive oxiradical species -
hydroxy! radical (OH'). Increase in lipid peroxidation products 
also confirmed elevation of oxygen-centered species. 
Inhibition of DNA with passage of time and restraint stress in 
various regions of CNS was observed in the present investigation. 
However, RNA levels were decreased in different regions of brain 
with ageing. Interestingly, RNA levels were elevated af te r restraint 
stress. On the other hand, DNase activity enhanced withh senescence 
following restraint stress, whereas, RNase activity depleted following 
restraint stress. 
Protein ievels were decreased in different regions of brain in aged 
rats following restraint stress. This establishes the role of intracellular 
proteolysis in aged animals. 
N-acetylhomocysteine thiolactone (citiolone) administration in rats 
of different ages produced inhibition of lipid peroxidation products 
and elevation of antioxidant - glutathione and antioxidative enzymes 
such as SOD, CAT, GSHPx, GR and GST in various regions of 
brain and spinal cord. Interestingly, when citiolone was administered 
for 7 days following restraint stress for 24 hours, the lipid peroxidation 
products were decreased. They came nearer to control values. 
Glutathione, SOD, catalase, and glutathione related enzymes were 
also reduced. 
Total lipids, phospholipids, lipofuscin and nucleic acids (DNA and 
RNA) contents af ter restraint stress were a'so studied histochemically. 
The histochemical observations were in concurrence with the bio-
chemical findings. 
Light microscopic study showed the degeneration of pyramidal cells 
of hippocampus following restraint stress. Purkinje cells of cerebellum 
also showed degeneration and appearance of vacuoles \n white mat ter . 
Neuroglia cells increased in number a f te r restraint stress. 
The main findings of the transmission electron microscopic study 
of the hypothalamus, hippocampus and cerebellum following restraint 
stress were increase of lipofuscin pigment, electron dense bodies, 
clumping of chromatin, irregular nuclear profile, vacuolar spaces 
in axonal profiles and mitochondria with dense matrix. An increase 
in GERL-like profiles in hypothalamus and cerebellum was also 
seen. 
The results of the present study clearly indicate that restraint 
stress induces biochemical and histological changes in the CNS. Regional 
hetei-ogeneity obser/ed af ter restraint stress, suggests a selective vulner-
ability of the nervous system. 
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i^J'i Electron micrograph showing an oligodendrocyte from 
hypothalamus of 3 months old control rat . Note the 
characteristics nucleus (N) showing marginal clumping 
of chromatin and an irregular central aggregate. Also 
diagnostic is the peripheral rim of cytoplasm exhibiting 
X X 
Figure No. Page No. 
increased electron density. A nnyelinated axon 
(arrow) is seen in the immediate vicinity of oligo-
dendrocyte X 20,160 280 
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hypothalamus (3 months old) showing a number of 
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between the oligodendrocyte and astrocyte. A small 
segment of a neuron (Neu) is visualized at the upper 
right X 6,060 281 
k.75 Electron micrograph showing a part of the hypothala-
mus fibrillary astrocyte of a 3 months old control old. 
Note dispersed small chromatin granules with electro-
lucent nucleoplasm. The pale watery cytoplasm shows 
microfilaments and occassional mitochondria (M) x 8,WO 281 
^.76 Electron micrograph of a part of a neuron of the 
hypothalamus of a 3 months old restraint stressed rat 
showing a number of electron dense opmiophilic bodies 
(L) and mitochondria (M) with dense cirstae. Also 
visualized a cisternae of rough endoplasmic reticulum 
(RER) and polyribosomes. Lysosomal profiles are 
increased following restraint stress x 15,5^^0 282 
1 .^77 Electron micrograph showing a part of a neuron of 
hypothalamus of a 3 months old restraint stressed rat 
showing four pleomorphic electron dense mitochondria 
(M), A large number of clumped polyribosomes are 
also seen throughout x 'f7,250 282 
U.78 Electron micrograph of a part of the hypothalamic 
neuron of a months old control rat showing dis-
persed chromatin granules in the central part of the 
nucleus (N) with some peripheral clumping and dis-
tinct nuclear pores (arrow). Perikaryon is rich in 
organelles x 15,600 28't 
if.79 Electron micrograph of a part of a hypothalamic 
neuron from a Z^ t months old stressed rat . Note deep 
identation of the nucleus (N) and a narrow rim of a 
comparatively electron lucid perikaryan showing paucity 
of organelles x 15,600 284 
U.SO Electron micrograph of the hypothalamus of a 24 
months old control rat depicting a small segment of 
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nucleus (N). Note comparatively electron dense peri-
karyon containing a large number of ribosomes. Isolated 
cisternae of rough endoplasmic reticulum (RER), a num-
ber of mitochondria and a pleomorphic lipofuscin 
granule (L) are discernible x 7,350 285 
^.81 Electron micrograph of a part of the hypothalamic 
neuron from a months old stressed rat. Not the 
relatively electron lucid nucleus (N) showing a nucleo-
lus (Nu) juxt posed to nuclear membrane and paucity 
of chromatin granules. The perikaryon shows some 
mitochondrial (M) profiles and dispersed ribosomes 
X 10,650 285 
^.82 Electron micrograph showing a part of a neuron 
of hypothalamus of a 214- months old control rat . Note 
on the left hand side an irregular nuclear profile of 
neuron exhibiting a prominent nucleolus (Nu). The 
perikaryon is comparatively electron dense. Note the 
settel i te oligodendrocyte (O) juxtaposed to the perikaryon 
exhibiting peripheral aggregation of chromating and a 
very narrow rim of dense cytoplasm x 10,650 286 
Electron micrograph of a part of the perikaryon of a 
hypothalamic neuron from a 2^ ^ months old stressed rat 
showing four irregular lipofuscin granules (L) and re-
markably electron dense organelles. Note large number 
of polyribosomal results (arrow) and a Golgi zone 
(arrow) x 6,285 286 
Electron micrograph showing a part of hypothalamic 
neuron of a 2k months old control rat showing a small 
segment of nucleus in the lower right corner and 
perikaryon containing two lysosomal bodies, a few mito-
chondria and rough endoplasmic reticulum. Note a 
longitudinally cut axonal profile (A) exhibiting well 
preserved myelin sheath (My) in the central part of the 
photomicrograph x 10,350 288 
1^ .2,5 Electron micrograph showing a part of the neuropil 
of the hypothalamus of restraint stressed rat (2^ ^ months 
old) showing a number of myelinated axons at in 
various planes and a few astrocytic and dendritic 
processes x 25,350 288 
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Electron micrograph of a part of the granule cell 
layer of cerebellum of 2k months control rat . Note 
four nuclei (Nu) of granule cells showing characteristic 
peripheral condensation of chromatin and well preserved 
p e r i k a r y a containing mitochondria (M), ribosomes (R) 
a few electron dense bodies ( ) x 10,650 289 
k.2>7 Electron micrograph of a part of granule cell layer of 
the cerebellum from a Z'f months old stressed rat . 
Note peripheral clumping of chromatin granules which 
is more marked than the corresponding finding depicted 
in Fig. ^.86 months old control rat). Remarkable 
electron density of the rim of cytoplasm around the 
nuclei (Nu) can be visualized. Also noteworthy is the 
occurrence of lipofuscin (L) granules in two of the 
granule cell perikarya. In between granule cell some 
well preserved axonal profiles are also seen x 10,650 289 
^ .^88 Electron micrograph showing a part of nucleus (N) and 
perikaryon (P) of a neuron of the cerebellum of a 2^ 
months old rat (control) exhibiting a large electron 
dense body (lipofuscin) (L) x 1^6,500 290 
^>.89 Electron micrograph of a part of the granuler layer 
of rat cerebellum (2^ ^ months old, stressed) showing 
parts of two neurons of granular cell layer depicting 
dense peripherally aggregated chromatin granules and 
a pleomorphic lipofuscin (L) body in the immediate 
vicinity of the nucleus (arrow) x ^^6,500 290 
1 .^90 Electron micrograph of a synaptic glomerulus of cere-
bellum of control rat (2^ months) showing a number of 
axodendritic synapses in series x 25,350 291 
Electron micrograph showing the neuropil of a part of 
cerebellum of a months old stressed rat . Note the 
disorganisation of the dendritic and axonal profiles. 
One myelinated axon is discernible (arrow), but 
synapses are conspiquous by their absence (compare 
with Fig. if.90) X 25,350 291 
^ .^92 Electron micrograph of a part of the synaptic glomeru-
lus of the cerebellum from a 2k months old control rat . 
Note well preserved synapses (S) and axonal profiles 
showing large number of synaptic veniles (arrow) 
X 31,500 293 
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4.93 Electron micrograph showing myelinated axons (A) 
cut in various planes from the cerebellum of a Z'f 
months old rat (restraint stressed). Note well preser-
ved axoplasm showing mitochondrial profiles (M) and 
cytoskeleton, vacuolated myelin and disruption of 
myelin lamellae are, however, discernible in one axon 
(arrow) x 31,500 293 
9^ 1 Electron micrograph showing a part of the Purkinje 
neuron of a control rat (3 months old) showing parallel 
cisternae of rough endoplasmic reticulum, a number 
of coated vesicles and clumps of f ree ribosomes (R) 
X 18,060 
4.95 Electron micrograph showing a part of the Purkinje 
neuron from a 3 months old stressed rat showing 
arrays of rough endoplasmic reticulum (RER), a number 
of dense mitochondria and a couple of electron dense 
bodies (EDB) showing electron lucid areas. Large 
number of coated vesicles (CV) are also seen in the 
perikaryon and clumps of polyribosomes are scattered 
throughout x 11,340 294 
4.96 Electron micrograph showing a part of a cerebellar 
neuron from a 3 months old stressed rat exhibiting 
seven pleomorphic lipofuscin granules (L), a number of 
mitochondria, some elongated but one spherical, 
containing a small electron dense body (arrow). A 
large number of polyribosomes and fragments of rough 
endoplasmic reticulum are also visualized along with 
a few vacuoles and vesicles of veriegated shape and 
size x 13,680 295 
4.97 Electron micrograph of a 24 months old rat (stressed) 
cerebellum depicting an oligodendrocyte (OD) exhibiting 
characteristic peripheral clumping of chromatin granules 
and a small amount of electron dense perikaryon con-
taining a large number of electron dense bodies (arrow) 
(EDB) X 10,650 295 
4.98 Electron micrograph showing a part of Purkinje neuron 
of stressed 24 months old rat showing irregular 
nucleus (Nu) with a number of deep identation. The 
perikaryon is rich in pleomorphic electron dense osmio-
philic bodies (EDB) and the cytosol shows increased 
electron density x 8,400 297 
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4.99 EJectron micrograph showing a part of Purkinje 
ceils of restraint stressed 2k months old ra t . Note 
a large number of pleomorphic electron dense osmio-
philic bodies (lipofuscin) granules (L) and fragmented 
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100 Electron micrograph of a part of the neuropil of the 
control rat (24 months old) cerebellum showing four 
myelinated axons (arrow), dendritic profiles and astrocytic 
processes. One axodendritic synapse is also seen. 
Note increased electron density of some of the ter-
minals X 31,500 298 
4.101 Electron micrograph of a part of the neuropil of the 
24 months old restraint stressed rat cerebellum 
showing four myelinated axonal profiles (arrow), den-
dritic and astrocytic processes. Note the disintegra-
tion and wide separation of myelin at a few sites 
(arrow), whereas, the rest of the myelin sheath appears 
normal (double arrow) x 31,500 298 
4.102 Electron micrograph of a part of the neuropil of the 
stressed 24 months old rat cerebellum. Note two long 
mitochondrial profiles. One being about 3.5 um long. 
Also, a myelinated axon is seen in the central part of 
the photomicrograph exhibiting disruption of myelin 
lamallae at two sites x 28,200 299 
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XXVll l 
What It IS to grow old? Is it to lose the glory of the 
form, the luster of the eye? Is if for beauty to forge 
her wreath? Yes, but not this alone 
- Mathew Arnold, Growing Old. 
Industrialization, modernization and urbanization have given rise 
to "grey revolution" in developed and developing countries. Grey revolution 
also occurs due to the complex and universal phenomenon of ageing 
as well as environmental pollution. The ageing process, like most things 
in the universe, is a puzzle. As soon as we think of ageing, we begin 
to lose our facial expression and several questions start battering our 
brains. It is a fundamental occurrence common to all living things. 
Infancy, childhood, youth and old age are the various stages of life 
in between birth and death. This gradual process from birth till "natural 
death" is called ageing. Ageing process is the genetically determined 
progressive and essentially irreversible diminution with the passage of 
time of the ability of an organism or one of its parts to adapt to 
Its environment, manifested as diminution of its capacity to withstand 
the stresses to which it is subjected and culminating in the death of 
the organism. However, the rate of ageing is related to the environment. 
All living beings are capable of maintaining the constancy of their milieu, 
despite changes in the surroundings. This constancy is maintained by 
a self-regulatory power called homeostasis, which literaly means to 
remain the same or static. The disturbance in the various physiological 
arrangements is imbalance of homeostasis. A struggle to meet the 
requirements of the changing environment for the preservation of homeo-
stasis causes stress. It is still elusive to hectic scientific search. Because 
man is always curious about agemg and death, one wants to live for 
longer period in this beautiful materialistic world, as young. It is no 
wonder, then, that mankind is engaged in a continuing struggle with 
death; that one devotes considerable resources to disease prevention, 
X X I X 
that one's religions, more often than not, either pronnise a personal 
escape from the fear of non existence through immortality, promote 
a mystical extension of the personality concept beyond the individual 
into greater or lesser expanses of nature, and foster the illusion of 
at least partial identity between the outside and inside world; or in 
revulsion at the seeming hopelessness of the battle, deny altogether 
the importance of the center of man's self - preservative instinct, the 
regard for a defense of self. 
The multifactorial nature of ageing process makes it difficult to 
pinpoint the fundamental cause of ageing phenomenon, A number of 
theories have been proposed to explain the mechanism of ageing. Currently 
popular theories include perturbation in the following biological systems 
or phenomena as a principal cause of ageing: the genetic program, error 
accumulation and repair, somatic cell mutation, the immune system, 
the neuroendocrine system, generation and scavenging of .free radicals, 
cross-linking or instability of molecules, changes in entropy, lipofuscin 
accumulation and cell loss. Taken together, most of these theories 
are not mutually exclusive. All or some may operate simultaneously. 
But the most popular and widely known theory is the f ree radical theory. 
Free radicals are defined as any species with one or more unpaired 
electrons in their outer orbit. Oxygen is ubiquitous in aerobic organisms. 
Oxygen - centered f ree radicals have been implicated in physiological 
ageing. The inherent anatomical, biochemical, and physiological charac-
teristics of the brain makes it especially vulnerable to oxidative insult. 
Free radicals are involved in a variety of disease processes, such as 
hypoxia, ischemia, trauma, stroke and transition metal - dependent reactions 
in the brain. Any imbalance of cellular redox status in favour of greater 
oxidative activity can lead to several kinds of macromolecular damage, 
such as disruption of genomic function by alterations of DNA or impairment 
of membrane properties by at tack on protein and lipids. To control 
and reduce the f ree radical - induced cellular damage, the organisms 
possesses compensatory defence mechanisms, which include some naturally 
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occurring antioxidants and some protective enzymes. But the brain 
is not particularly enriched in any of the enzymes related to antioxidative 
defences. 
Brain is the "pacemaker" of ageing and it is the guiding force 
behind all man's action. Curiously, little is known about the direct 
e f fec ts of stress on brain itself, inspite of a considerable clinical and 
experimental li terature available on behavioural changes in brain malfunction; 
accompanied by changes such as depression, apathy and instability. Further-
more, stress is a major biological problem, since diseases of brain account 
for perhaps one third of all deaths, or at least leave the patient crippled 
and incapacitated for many years. For these reasons, the brain has 
become the focus of intensive multidisciplinary research and constitutes 
one of the most exciting facets of stress-research. 
The present study was, therefore, planned to investigate e f fec t s 
of ageing following restraint stress on certain areas of the rat brain 
using biochemical, histochemical and histological (light and electron 
microscope) techniques. The present investigation is the first to observe 
biochemical e f fec ts of N-acetylhomocysteine thiolactone (citiolone) on 
various regions of aged rat CNS following restraint stress. 
The work presented in this thesis deals with: 
(1) Biochemical parameters: 
i) lipid 
ii) lipid peroxidation and their products 
iii) Antioxidant systems 
iv) MAO 
v) Nucleic acids and Nucleases 
vi) Protein 
vii) Cortisol 
(2) Histochemical : Total lipids, phospholipid, nucleic acids (DNA 
and RNA) and lipofuscin. 
(3) Histological : Light microscope and Electron microscope studies. 
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An at tempt has been made to correlate the structural and biochemical 
findings. Though it is not claimed that every part of the rat brain 
has been explored in all respects it is felt that very few points of 
importance have been omitted. However, due to the fac t that brain 
is the most mysterious and least kncJwn organ of man's body : so much 
so that everything that man has ever been or everything he will be, 
is the product of his brain, it is a small step in the vast field of ageing 
research. 
"Serve the elderly, so we shall be served in turn" 
INTRODUCTION 
Life is a continuous adjustment of 
internal relations to external affairs. 
- H. Spencer 
The problem of ageing and death started when life came into 
existence. Ageing is a slow and gradual process from birth till natural 
death. The secret of health and happiness lies in successful adjustment 
to the ever - changing • conditions on this earth. Due to modernization 
of life, many challenging problems are being faced by man and rhythmic 
life which human beings used to enjoy in the past has received a rude 
shock. Stress and strain of every day life pose a big threat to the 
peace and tranquility hitherto enjoyed by man. There is no doubt that 
one of the hallmarks of the twentieth century is the increase in human 
life span, in both industrialized and developing countries. This increase 
is due to several factors: for example, better clinical and pharmacological 
control of infectious diseases, better sanitation and improved nutrition. 
However, due to such a large demographic change in last 80 years, 
the life expectancy in industrialized countries has increased by 50%, 
resulting in a 20-^^0% increase in the number of individuals over 65 
years of age. This has created substantial social stresses. Now-a-
days stress, long considered alien to the Indian life style, is a major 
health hazard. It is fast becoming the leading contributor, directly 
or indirectly, to the five big adult killers in the country: heart attacks, 
cancer, lung ailments, accidents and suicides. Studies indicate that 
it is responsible for aggravating or hastening peptic ulcers, arthritis, 
allergies, constipation and even impotency. According to Vihang Vahia 
(1992) "Stress is India's newest scourage". More than 80% of people 
suffer from stress-related symptoms. The "stress-epidemic" has triggered 
a wave of measures across the country to cope with the menance. Part 
of the rise in stress arises from desperate e f for t s to cope with the 
constraints of daily living. Therefore, every move is now a challenge 
(Fig. 1.1). 
Ageing and stress are universal and inevitable scientific and social 
challenges confronting humanity. If ageing in man is at all different 
from ageing of other species, it may be because of the higher degree 
of organismal organization, quite probably not more evident in any tissues 
than in those of the central nervous system (CNS). While it is clear, 
that the more highly integrated an organ system becomes, the more 
vulnerable it will be to perturbations of any sort. Increasing attention 
has been directed toward the role of the brain and endocrine organs 
as "pacemakers" of ageing. It has been widely accepted that stress-
induced activation of the limbic system, hypothalamic - pituitary - adrenal 
axis in mammals invariably involves biochemical and ultrastructural 
changes in these regions. 
Central nervous system plays an important role in adaptation 
to environment, because all the vital activities of the body are controlled 
by brain. Various researchers conclude that there is a relationship between 
the species and life span, the perfection of CNS structure and function, 
and the level oi 'cephalization and neocorticalization' (Hansche, 1975; 
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Sacher, 1975). In this view, especially interesting is a qualitative leap 
in the life span, which occurred in the evolution of the aninrial world, 
particularly at the stage of man's appearance with his perfect forms 
of environmental adaptation associated with developing functions of 
the CNS, higher nervous activity and metabolism. CNS is the most 
stable and long lived system of all organisms' systems. Neurons are 
postmitotic, highly specialized cells of the CNS, and incapable of division 
but recent research has revealed a limited regeneration potential (Gispen 
and Trabor, 1983; Scheff, 1984). Their life span is equal to that of 
the entire organism. Changes in the metabolism, structure and function 
of the CNS lead to significant shifts in the activity of many organs 
and systems with ageing. 
The tremendous complexity of the ageing process becomes apparent, 
that is, ageing appears to, and probably every cell does a f fec t every 
tissue, organ and physiological function of an organism (Ordy and Brizzee, 
1975; Finch and Hayflick, 1977; FrolkiS' and Bezrukov, 1979; Bondareff, 
1980). It is well documented that different organs of the body age 
at different rates. The "biological clock" of ageing is thus organ specific. 
The hypothalamus plays a commanding role in the regulation of homeostasis. 
Glees (1971) has drawn attention to the probability that the "biological 
clock" for ageing of the body may be located in the hypothalamus. 
Furthermore, the environmental factors which influence ageing process 
appear to act through the hypothalamus and anterior pituitary (Everitt, 
1973). 
Ageing is characterized by a failure to maintain homeostasis 
under the conditions of stress, thus leading to the decreased viability 
and increased vulnerability of the individual to death (Davies, 198^ ;^ 
Hazzard, 1987). According to Rattan (1989), ageing is a post-reproductive 
process and includes degenerative changes in the structure and functions 
of an organism, accompanied by many biochemical changes at cellular 
and molecular level. An evolutionary perspective is that essentially 
all metabolic processes result from a trade off between beneficial 
versus harmful side ef fec ts . Metabolic pathways in human and other 
organisms are far from being the most eff icient possible. There always 
appears room for improvement. An example is the utilization of oxygen 
for the production of ATP which is essential for high energy efficiency. 
The toxic e f fec ts of oxygen are well known, and its metabolism produces 
not only beneficial products like ATP, but also a large number of active 
oxygen species, such as the superoxide radical O ^ , the hydroxy 1 radical 
'OH, hydrogen peroxide, hydroperoxides, ROOH, and aldehydes 
(Pryor, 1978; Chance et al., 1979; Leibovitz and Siegal, 1980). On the 
other hand, all mammalian species have a common set of repair, protective, 
or defence processes against the toxic e f fec t s of these active oxygen 
species. Such processes include the DNA repair systems and antioxidants. 
Antioxidants enhance the life span and increase the potentiality of trapping 
pernicious f ree radicals, hence stablize the differentiated s tate of cells 
(Cutler, 198^ ;^ Omaye et al., 1986; Weber and Miquel, 1986). According 
to Rosenfeld (1985) the goal of a gerontologist is not to find the "Fountain 
of youth" but to permit the individual "to die young as late as possible". 
1.1 Aims and Objectives of the Present Study: 
Keeping the above aspects in mind, the present study was undertaken 
to investigate the e f fec t s of ageing, stress and the protective e f fec t 
of N-acetylhomocysteine thioiactone (citioione) on the various regions 
of CNS. The brain is made up of heterogeneous cell populations (neurons, 
glia), which are independent. The CNS also exhibits functional and 
morphological heterogeneity and is divisible into different geographical 
regions. These discrete regions generally have different types of neuronal 
populations, probably related to the metabolic needs and the chemical 
messengers they employ for communication. This study on the male 
albino rats, Charles Foster Strain, of different age groups was undertaken 
with the following main objectives: 
1. To evaluate the quantitative e f fec t of ageing following restraint 
stress on the various neurochemical parameters in different regions 
of CNS. The following parameters were studied: 
(i) Total lipid, phospholipid, cholesterol, triglyceride, gangliosides. 
(ii) Lipid peroxides, lipid hydroperoxides, conjugated dienes, lipofuscin. 
(iii) Total -SH, Free -SH or reduced glutathione (GSH), protein 
-SH, oxidized glutathione (GSSG) and GSSG/GSH ratio. 
(iv) Antioxidant enzymes: Superoxide dismutase (SOD), catalase 
(CAT), glutathione reductase (GR), glutathione peroxidase (GSHPx) 
and glutathione-S-transferase (GST). 
(v) Monoamine oxidase (MAO) 
(vi) Nucleic acids (DNA and RNA), DNA/RNA ratio and nucleases 
(DNase and RNase) and protein. 
(vii) Serum Cortisol. 
2. To observe the possible protective e f fec t of N-acetylhomocysteine-
thiolactone (citiolone) on various neurochemical parameters viz.: 
(i) Lipid peroxides, lipid hydroperoxides, lipofuscin. 
(ii) Reduced glutathione, oxidized glutathione. 
(iii) Antioxidant enzymes: SOD, CAT, GR, GSHPx and GST. 
3. To evaluate qualitative e f fec t of ageing following restraint stress 
(histochemically) on various neurochemical parameters, such as 
total lipids, phospholipids, DNA, RNA and lipofuscin. 
U. To observe light microscopic changes in the brain a f te r restraint 
stress. 
5. To observe ultrastructural changes in the brain of different ages 
following restraint stress. 
REVIEW 
OF 
LITERATURE 
2.1 Ageing 
Ageing is a connplex phenomenon. The lives of all multi-
cellular organisms begin with conception, extend through development, 
maturity, senescence and end in death. Ageing can be defined as a 
time-dependent process in which the body can no longer cope with environ-
mental factors and changes as easily as it could initially (Makinodan, 
1977), ultimately leading to an increased risk of dying. The ageing 
process is associated with deterioration at different levels of organization: 
the molecular, subcellular, cellular, tissue and organ levels, in addition 
due to the complex manner in which organs function. It is very difficult 
to different iate between cellular and extracellular causes for functional 
impairment. A decrease in functional capacity with age can lead to 
disease. In fac t , many diseases in ageing individuals might be complications 
of the ageing process. Mackay at el. (1977) distinguish different categories 
of age-related diseases in man, among which are autoimmune, neoplasia 
and vascular diseases. These diseases are characterized by degeneration 
and atrophy and infectious diseases. 
Ageing must be the result of the side - e f fec ts of normal 
biological processes that are necessary to ensure the survival of the 
individual in the period of maximum youth and vigor. There is a 
positive correlation between ageing rate of a species and the iriortality 
rate due to the hazards of its ecological niche. The rate of the ageing 
process is under genetic control to some extent for the manifestations 
of ageing, and life span differs between species and individual members 
of a species. Further, like all chemicals and chemical reactions, the 
manifestations of ageing which ref lect chemical composition, and the 
rate of ageing process should be subject to environmental influences 
(Harman, 1981). According to Rattan (1989) ageing includes degradative 
changes in structure and function of an organism accompanied by many 
biochemical alterations at all levels of organization. The multicausal and 
multilevel nature of ageing process makes it difficult to pinpoint the 
fundamental causes of ageing phenomenon (Knook, 1991) (Fig. 2.1). 
Medvedev (1990) reported that there are now more than 300 theories 
of ageing and the number continues to grow. Theories of ageing are 
commonly divided into "stochastic, programmed and evolutionary theories" 
(Sacher, 1968; Kirkwood, 198'f; Holliday, 1986) or grouped according 
to the level of complexity of biological systems involved and listed 
as molecular and genome based cellular, physiological and organ theories 
(Shock, 1981; Frolkis, 1982; Hayflick, 1985). These are also classified 
according to the evolutionary system of classification, separating theories 
of ageing for different phyla in individual groups (Moment, 1982). The 
popular aspect theories include perturbations in the following biological 
systems or phenomena as a principal cause of ageing; the immune 
system, the neuroendocrine system, somatic cell mutation, the genetic 
program, error accumulation and repair selected physiological states, 
generation and scavenging of free radicals, cross - linking or instability 
of molecules, changes in entropy, lipofuscin accumulation and cell 
loss (Fig. 2.2). 
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Of all the theories of ageing physiological theories are most popular. 
They include (i) the free radical theory, (ii) the cross-linking theory, 
and (iii) waste product accunnulation theory. 
(i) Free radical theory of ageing 
The most popular and widely tested theory is the "free radical 
theory of ageing " (Harman, 1956; 1981). Free radical reactions arise 
from (a) exposure of cells and their organelles to ionizing radiation, 
(b) nonenzymatic reactions, and (c) enzymatic reactions. Apart from 
these, the other sources of f ree radicals in biological systems are: 
(a) Environmental sources - X-ray irradiation, light, air pollutants, 
insecticides, herbicides and drugs. 
(b) Chemical sources - inorganic metals and organic - quinones, 
thiols, flavins e tc . 
(c) Biological sources - (1) non-catalytic proteins - heme proteins, 
(2) catalytic - membrane enzymes of mitochondria, microsomes, 
plasma membranes and soluble enzymes - xanthine oxidase, extrace-
llular ceruloplasmin. 
Harman (1981) emphasizes that the f ree radical theory of ageing 
is largely applicable to mammalian ageing, where O^ is the main source 
of the damaging free radical reactions. Free radicals are highly reactive 
chemical species characterized by an odd number of electrons or by 
pairs of electrons of similar directional spin isolated singly in separate 
orbitals (Black, 1987). Molecular oxygen (O^)* though presents a unique 
13 
status for aerobic organisms, yet due to bi-radical nature it is prone 
to the formation of free radicals upon single electron addition. The 
major reactive ©2 species, superoxide anion [O2"], hydrogen peroxide 
{^^02) and hydroxy 1.ion COH) are derived from the mono-, di- and tr i-
valent reduction of 0- respectively (Proctor and Reynolds, 198^) (Fig,2.3). 
The O2 and its metabolites thus produced are potentially cytotoxic, 
clastogenic and deleterious (Richter, 1988; Simic et al., 1989). The cytotoxic 
metabolites of have been demonstrated to be involved in the per-
oxidation of membrane lipids, consequently altering membrane composition 
morphology and function (Cavarocchi et al, 1986). Hidefuku (198^^) 
hypothesized that free radicals may depress or inhibit the repair of 
sublethal damage of DNA which has been brought about by hyperthermia 
or enhance the lethal damage. The net e f fec t of f ree radical reaction 
is irreversible and a major contributor to ageing (Richie Jr. e t al., 
1986; Segal, 1988). According to Harman (1981), the damage produced 
by thefree radicals could be expressed as (a) cumulative oxidative alterations 
in collagen, elastin, and DNA itself, (b) breakdown of mucopolysacharides 
through oxidative degradation, (c) accumulation of metabolically inert 
substances such as ceroid and age pigments by oxidative polymerization 
reactions, (d) changes in membrane characteristics of mitochondria 
and lysosomes and (e) fibrosis of arteriols and capillaries secondary 
to vessel injury by products resulting from a peroxidation of serum and 
vessel-wall components. 
Free radical damage can be thwarted by antioxidants such as 
tocopherol, heme-containing peroxidases, selenium-containing glutathione 
peroxidase, superoxide dismutases and by DNA repair mechanisms. The 
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major evidence for f ree radicals themselves is being modified. Dietary 
antioxidants increase life expectation in mice, ra ts , fruit flies, nematodes, 
rotifers • and neurospora. According to Sohal and Allen (1985), a dynamic 
equilibrium exists between the rate of f ree radical generation and 
the antioxidant levels. The establishment of eqluilibrium is associated 
with differentiation, ageing and cancer. 
(ii) The cross-linkage theory of ageing 
The most venerable theory of ageing is that of "cross-linking". 
This theory focuses on molecular changes that are known to occur with 
age in substances within the extracellular compartment and, intracellularly, 
in information-containing molecules such as DNA and RNA. The importance 
of the extracellular compartment may be appreciated by observing that 
23% of body weight is contained in the extracellular compartment 
(Kohn, 1978). 
The theory holds that age changes result when two more macro-
.molecules become linked covalently or by a hydrogen bond. Such linkages, 
said to be reversible, accumulate over time. Molecular aggregation 
and immobilization increases, and the resulting inert or malfunctioning 
molecules accumulate and become increasingly resistant to catabolic 
processes. DNA may thus become damaged, leading to mutation or cell 
death. Irreplaceable molecules become reduced in numbers and intracellular 
transport may be impeded. Progressive reduction of space available 
for vital processes also occurs. Nonremovable cross-linked aggregates 
may "clog" glandular cells, thus impeding critical production and release 
of hormones and other cell products. Cross-linking in molecules such 
16 
as collogen could decrease solubility, elasticity and permeability. This 
would increase viscosity in the extracellular compartment, thereby impairing 
the flow of nutrients and waste products into and out of cells. These 
events are believed by the theory's advocates to result in all of the 
normal age changes observed at higher levels of organization. Cross-
linking, they believe, is the first molecular event leading to most age 
changes. 
At least for the collogen molecule an increase in cross-linkages 
over time has been demonstrated to almost every one's satisfaction 
(Verzar, 1956; Bjorksten, 1971; Kohn, 1978). There is also evidence for 
the occurrence of cross-linking over time in other proteins and in DNA 
(Bjorksten, 1971). Bjorksten (1971) lists an impressive number of naturally 
occurring known cross-linking agents to be found in living tissue: aldehydes, 
sulfur cross-linkages, alkylating and acylating agents, quinones, f ree 
radicals, antibodies, polybasic acids and their esters, citric acid, polyvalent 
metals, and cross-linkages formed as integral parts of reacting molecules 
such as conversion of specific lysine residues to aldehydes, which react 
to cross-link collogen. Bjorksten also argues that because f ree radicals 
are effect ive cross-linkers, the f ree radical theory is simply a special 
case of the more general cross-linkage theory (Bjorksten, 197^ )^. 
The cross-linkage theory has in its favour, first evidence that 
the phenomenon does indeed occur and, at least for some molecules, 
linkages do accumulate over time. Second the phenomenon has a known 
or theoretically probable, physiological basis, and finally, it is potentially 
universally applicable because the phenomenon occurs in molecules 
containing nucleic acids. 
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(iii) Waste product accumulation theory 
The accumulation of waste products in the cell has been the basis 
for yet another theory of ageing. In this theory, it has been postulated 
that degradation products of cellular metabolism tend to accumulate 
with age and that the resultant cell mass tends to occupy more and 
more space in the ageing cell and thus mechanically interferes with 
the normal movement of metabolites within the cell and impinges on 
the living space of the cellular organelles. Lipofuscin for example is 
a pigment which is the byproduct of cellular metabolism and is composed 
of complete fat ty acid derivatives (Tappel et al., 1973). Cephalin, sphingo-
myelin, cholesterol, esters, and lecithin have been found to form part 
of the composition of lipofuscin. The origins of lipofuscin have been 
postulated to be remnants of membranes or of mitochondria, but whatever 
its origin be, it is now generally accepted that the accumulation of 
lipofuscin increases with age. Vitamin E deficiency increases deposition 
of lipofuscin but supplementation of vitamin E does not inhibit lipofuscin 
accumulation or extend longevity. Others (Nandy and Bourne, 1966; 
Spoerri and Glees, 197^^ ) report that centrophenoxine (dimethyl-amino-
P-chlorophenoxyacetate) reduces lipofuscin concentration. 
Although lipofuscin has been implicated in this theory of the accumula-
tion of waste products, other substances have been investigated as 
well. Calcium and magnesium in particular have been thought to increase 
in concentration with increased age. 
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2.2. Stress 
Literally the meaning of the word 'stress' is 'constraining force ' , 
but in various branches of science, it has different concepts and thus 
it has become a most complicated term. In the opinion of Yuwiler (1971), 
'stress' like the word 'love' is broadly understood but poorly defined. 
He considered the life as a series of micro and macro-adaptations to 
a constantly changing internal and external environment and emphasized 
that stress was an everpresent condition. In the language of life-science, 
the meaning of 'stress' is "an intense force, strain, agent or mental 
condition which produces a defence, reaction, which if continued or intensi-
fied, may lead to pathological lesions". According to Selye (1956), stress 
is the nonspecific response of the organism to any demand made upon 
it but this definition would not be satisfactory any more, because it 
is so wide that any physiological response and any external stimulus 
could be brought under this concept. Stress is a very divergent phenomenon. 
It was generally felt that there is a natural tendency to speak of a 
stress situation only when the demand exceeds a certain level and is 
experienced as undesirable or unacceptable. Rabkin and Struening (1976) 
said that stress like anxiety, was a broad and general concept describing 
organisms reactions to environmental demands. Selye (1976) further empha-
sized that stress causes certain changes in the structure and chemical 
composition of the body. Some of these changes are merely signs of 
damage, others are manifestations of the body's adaptive reactions, 
its mechanism of defence against stress. The totality of these changes, 
the stress syndrome, is called the "general adaptation syndrome" (G.A.S.) 
which develops in three stages. 
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(i) Alarm reaction (A-R) or shock, when the animal is initially exposed 
to stresses and must set up defenses to combat it. 
(ii) Stage of resistance (S-R), when the organism is able to adjust 
to the changed environment. The adaptation is optimal at this 
stage. 
(iii) Stage of exhaustion (S-E), in this stage the acquired adaptation 
is lost. 
If we do not move all the way through these stages, stress gets bottled 
up inside a cumulative and insidious process (Fig. 2A). 
2.2.1 Various concepts of stress 
Stress has different concepts in different branches of science 
(Fig. 2.5). Any environmental factor that can significantly modify an 
animal's biological responses resulting into stress is called a stressor. 
2.2.1.1 Physical concept 
Physical conditions of the environment such as temperature, light 
and sound directly a f fec t the internal environment of an organism, and 
create disturbances in the structural and chemical composition of the 
body. The resistance offered by the body against these conditions is 
termed as physical stress. If the organism has the capacity to adapt 
and combat these conditions, it survives, otherwise the death of the 
organism occurs. 
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( 1 ) ( A - R ) (2) (S-A) 
(3a) (S -E) (3b)|S-E ) 
Fig.2-4 GENERAL ADAPTATION SYNDROME (G.A.S.) 
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2.2,1.2 Engineering concept 
From engineering stand-point, the stress is resistance offered by 
the body to forces of deformation. According to Punmia (1972), "when 
a body is acted upon by external force or load, internal resisting forces 
are set up and it is then said to be in a state of stress". There are 
five types of stress: 
(i) tensile stress - it exists between two parts of a body when each 
draws the other towards itself; 
(ii) compressive stress - it exists between two parts of a body when 
each pushes the other from it; 
(iii) shear or tangential stress - it exists between two parts of a body 
when the two parts exert equal and opposite forces on each other 
laterally in a direction tangential to their surfaces in contact; 
(iv) transverse or bending stress; and 
(v) twisting or torsional stress 
2.2.1.3 Biochemical concept 
Long-term studies aimed at throwing light upon brain mechanism 
of stress behaviour in biochemical terms are described by Consolo et 
al. (1965); Garattini et al. (1967); Valzelli (1967); Welch and Welch 
(1966, 1968); and Giacalone et al. (1968), These workers have focused 
their attention on the biogenic amine system. 
Environmental stress invokes compensatory metabolic change through 
modification of the quality and quantity of enzymes that are normally 
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rate limiting or under fine control or inducible by hornnones (Ramasarma, 
1978). The processes of adaptation at the cellular level to chronic 
stress seem to occur by sequential changes in hormones, enzymes, and 
metabolites leading to a new steady-state. Ramasarma (1980) emphasized 
that those changes which are beneficial to the organism's need are 
promoted and accelerated. On long exposures, the changed pattern 
(due to stress) settles to a stage representing the delicate balance of 
cellular constituents best suited to the metabolic demands of the organism. 
2.2.1 A Physiological concept 
Various theories (Selye, 1956; Mason, 1968; and Holmes and Masuda, 
1973) have been postulated to elucidate the physiological response of 
the organism to stress, but none of them has been totally satisfactory 
(Burchfield, 1979). The most commonly accepted definition of stress 
as proposed by Selye (1956) is that it is anything which causes an alteration 
of homeostatic processes. Homeostasis, referring to the maintenance 
of the body's physiological resting s tate , is constantly changing in minute 
ways as a result of any behaviour, including sitting or yawning e tc . 
Each movement activates physiological mechanisms which promote a 
return towards baseline. Physiologically, any type of postural change 
is considered as stress, and a stressor is the specific stimulus in the 
transaction. The 'stress response' is the organism's relatively nonspecific 
physiological response. 
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2.2.1.5 Medical concept 
Stress, in its medical sense, is essentially the ra te of wear and 
tear in the body. The feeling of just being tired, jittery, or ill are 
subjective sensations of stress (Selye, 1956). Mahl (1950) stated that 
prolonged exposures to noxious environmental stimuli are aetiological 
factors contributing to the development of certain disease states in 
man, such as coronary artery disease, gastrointestinal t ract disorders, 
and hypertension. Rats subjected to chronic intermittent exposure to 
environmental stressors (auditory, visual, or motion) develop and maintain 
systolic hypertension (Smookler and Buckley, 1970). 
Rabkin and Struening (1976) propounded that stress can be one 
of the components of any disease, not just as those designated as 'psycho-
somatic*. As Dodge and Martin (1970) have stated, "the diseases of 
our times, namely, the chronic diseases, are aetiologically linked with 
excessive stress and, in turn, this stress is a product of specific socially 
structured situations inherent in the organization of modern technological 
societies". 
2.2.1.6 Social concept 
"Social stressor" is the change in personal life, such as bereave-
ment, marriage, or loss of a job, which alters the individual's social 
setting (Rabkin and Struening, 1976). Holmes and Rahe (1967) proposed 
a more specific definition. He defined "any set of circumstances, the 
advent of which signifies a required change in the individual's on-going 
pattern is termed as "social stressor". 
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In the aetiology of various diseases, the role of stressful life has 
been a field of research for nnore than four decades. Sponsored by 
the Association for Research in Nervous and Mental Diseases, a formal 
recognition to the field on "Life Stress and Bodily Disease", was first 
given in the year a f te r Cannon's early observations of bodily changes 
related to emotion and Adolph Meyer's interest in the life chart as 
a tool in medical diagnosis. 
Following the Dohrenwend and Dohrenwend (1969) conceptulization, 
the perception of stressful events is mediated by two broad categories 
of variables, one consisting of personal or "internal" factors and the 
other of interpersonal or "external" ones. Personal factors include, 
for example, biological and psychological threshold sensitivities, intelligence, 
verbal skills, morale, personality type, psychological defences, past experi-
ences, and a sense of mastery over one's fa te (Wolf and Goodell, 1968; 
Dohrenwend and Dohrenwend, 1969; Rahe, 197^ )^. 
2.2.1.7 Psychological concept 
Stress has also been regarded as the organism's response to stressful 
conditions called stressors, consisting of psychological reactions, both 
immediate and delayed. Psychological homeostasis (Engel, 1953) refers 
to the maintenance of the normal mood state of an individual at rest. 
All emotions are alterations from this state. What was commonly known 
as the "grief cycle" (Kubler-Ross, 1969) was really an adaptive mechanism 
activated whenever an organism was faced with a change (Falek and 
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Britton, 197'f; Navaco, 1976). Thus the phenomena of denial, anger, guilt, 
depression and acceptance enable the organisnn to integrate the event into 
consciousness and to promote psychological adaptation. Schachter and Singer 
(1962) propounded that psychological changes were usually accompanied by 
alterations of physiological homeostatic responses. If alterations of psycho-
logical homeostasis are considered as stress, it is possible to different iate 
between those events which cause alterations of physiological response but 
are psychologically stressful, and those which are not. Therefore, the psy-
chological homeostatic responses include both conscious and unconscious 
states. In other words, perception of an event 's occurrence is necessary -
if it is to be classified as a stressor. Once it has been perceived, it may 
be either integrated or defended against on a conscious or unconscious level. 
Under this definition, individuals classed as "repressors" (Scarpetti, 1973) 
or "deniers" (Wolff et al., 196^ )^ can be distinguished from those classed as 
"suppressors" (Levi, 1972) or individuals who do not recognise the stimulus 
as stressful (Hinkle and Wolff, 1957). Whether the psychological and physio-
logical homeostatic systems are acting parallel (Brady, 1975) or interactive 
(Wine, 1971), is not known. Schopenhauer (see Lajtha, 1971) remarked that 
"it is not what happens to a man that is important, it is what he thinks 
happened to him". In the same manner, it is not simply stress, but the kind 
and magnitude of the stressor, that alters life. Stress plays a role in such 
diverse manifestation of life as ageing, the development of individuality, 
the need for self-expression, and the formulation of man's ultimate aims. 
Psychological stress arises in man due to the effect of various factors on 
the neocortex. Experiments in animals have shown that deep and prolonged 
psychosomatic disturbances arise from psychological stress. 
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2.2.2 Physiology of Stress 
It is generally agreed that the central nervous system is a necessary 
nnediator of the pituitary responses to stress (Yuwiler, 1971). Physiologi-
cal mechanisms underlying stress are identical in man and animals. 
2.2.2.1 Hypothalamlc-pituitary-adrenal interrelations 
The hypothalamus was thought to be ultimately involved in response 
to stress by Ganong and Hume (195^). The contribution of other areas 
of brain is less clear, but the structures which are considered to bring 
changes in the pituitary response to stress are: hippocampus (Mason, 
1958; Kim and Kim, 1961); reticular formation (Anderson et al., 1957; 
Endroczi and Lissak, 1960); limbic cortex (Knigge, 1961); and rhinence-
phalon, temporal and occipital cortex (Setekleiv et al., 1961). Guillemen 
and Rosenberg (1955), Saffran et al. (1955) and Schally et al. (1960) 
stated that the median eminence region of the hypothalamus is particularly 
involved in the control of ACTH production by the pituitary. They 
further expressed that the release of ACTH is controlled by another 
hormone or a set of hormones called the corticotropin releasing factor 
or CRF which is supposed to be secreted by neurosecretory cells in 
the supraoptic and periventricular regions of the hypothalamus. These 
discharge in the median eminence and are carried to the anterior hypophysis 
by a vascular network called the pituitary portal system. Further, 
it was stated that though CRF is necessary for mediation of pituitary 
ACTH release following some stressors, it may not be required for all. 
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Different hypothaJamic sites may be involved in mediating different 
'ACTH-induced' responses of the adrenal, such as the increase in adreno-
cortical hormone and the depletion of adrenal ascorbic acid under different 
stress conditions (Slusher, 1958; Nowell, 1959; Smelik, 1959). 
Mialhe-Voloss (1958) reported that though anterior pituitary releases 
the major portion of ACTH, the posterior pituitary also contains an 
ACTH. It is not exactly known whether these two ACTHs are chemically 
identical, but there does seem some selectivity in their release. It 
has been demonstrated that some types of stressors, such as loud sound, 
selectively release ACTH from the posterior pituitary while most of 
the stressors release ACTH from the anterior pituitary (Rochefort e t 
al., 1959). 
ACTH excercises its primary e f fec t on the adrenal cortex and 
appears to stimulate release of unesterified fa t ty acids from epididymal 
fat pads (White and Engel, 1959), to stimulate melanin formation and 
to induce pigment dispersion of melanophores (Hu and Chavin, 1956). 
Besides these effects , ACTH appears to elicit a number of behavioural 
ef fec ts . It is reported that ACTH causes delay in, the extinction of condition-
ed avoidance response (De Wied, 1966; Bohus and De Wied, 1966), and when 
injected directly into CSF or brain ventricle, to produce sexual excitement 
(Bertolini et al., 1969) and a peculiar behavioural syndrome of stretching 
and yawning (Ferrari, 1958). 
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2.2.2.2 Adrenocortical hormones 
Following any stressor, glucocorticoids (mainly, Cortisol, corticosterone 
and possibly 18-hydrocorticosterone) are released rapidly into the blood 
stream, reaching peak values in 15 minutes, but corticoid levels just 
as promptly return to baseline if the stressor was acute in its e f f ec t . 
Such would be the case with an injection of small volumes of saline, 
for example. On the other hand, stressors, such as fasting, cold, or 
laparotomy lead to more sustained elevation in serum corticoids. 
There is a remarkable tissue specificity in the action of adrenocor-
ticoids. A set of changes produced in one tissue may be quite opposite 
to those produced in another tissue. Curiously, little is known about 
the direct e f fec ts of adrenocorticol hormones upon the brain itself. 
Administered corticoids produce behavioural changes like abnormal EEGs, 
altered evoked potentials in the diencephalon, and blockage of spontaneous 
activity in periventricular grey matter of the third ventricle of brain 
(Gray et al., 1951; Kohn et al., 1961; Sambhi et al., 1965). Perhaps, 
the most dramatic e f fec t s of glucocorticoids on brain are the marked 
changes in the brain size and composition following t reatment of the 
neonate with corticoids. A single injection of corticoid on first day 
of life markedly retards whole body growth and even more markedly 
affects brain size, particularly, cerebellum size (Howard, 1968a,b; Singh, 
1988). 
2.2.2.3 Adrenal catecholamines 
If stressors are disturbers of homeostatic peace, adrenal corticoids 
act both as restorers of equilibrium and metabolic planners. Different 
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stressors obviously present different challenges and require different 
nnetabolic answers. Stimulation of sympathetic nerve endings releases 
norepinephrine: tyrosine hydroxylase, the rate limiting step in norepinephrine 
synthesis converts tyrosine to Bj'f-dihydroxyphenylamine (DOPA) which 
is, in turn, decarboxylated to 3,'f-dihydroxyphenylthylamine (dopamine) 
by 5-HTP-DOPA decarboxylase (Nagatsu et al,, 196^; Udenfriend, 1966). 
Dopamine is transported to cytoplasmic organelles containing dopamine-
3-oxidase which converts it to norepinephrine (Crout, 1966; Levin et 
at. , I960). In addition, some vesicles in the adrenal appear to contain 
the enzyme phenolethanolamine-N-methyl-transferase (PNMT) which 
methylates the free amine on norepinephrine to form epinephrine (Axelrod, 
1962). Upon neuronal stimulation, both epinephrine and norephinephrine 
are released. Once released, the catecholamines are rapidly bound 
peripheral tissue, degraded or excreted, as either f ree or catecholamine 
(Douglas, 1966). Although many of the pharmacological actions of epine-
phrine resemble the physiological responses in acute stress, it is only 
in very extreme stress that epinephrine really contributes to these responses. 
In general, catecholamines then serve in acute stresses to prepare the 
organism for action, by activation of noradrenergic-sympathetic sysytem 
and to provide the energetic resources to carry out such actions by 
the metabolic e f fec ts of epinephrine (Singh, 1988). 
2.2.3 Stressors 
Any environmental factor that can significantly modify an animal's 
biological responses resulting into stress is called a stressor. Yates 
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(1967) emphasized that all stressors cannot be visualised in the same 
light but rather are related to each other as games are related by a 
set of overlapping phenomenon in which all elements are not necessarily 
present in all members of the class. Rabkin and Struening (1976) opined 
that stressors of sufficient intensity and duration will induce a response 
on acute stress reaction in all so exposed, regardless of predisposition. 
The ef fec ts of stressors are species-dependent. Heat is a lesser stressor 
to a gerbil than to the polar bear. Stressors are usually considered 
as single entity. In the real world, stressors are combined as the physio-
logical shifts required for adaptation to such combinations which may 
be quite different than the algebric sum of the responses to the individual 
stressors. 
2.2.3.1 Classification of stressors 
Yates (1967) divided stressors in class I and class II stimuli on 
on the basis of their ability to elicit ACTH release despite prior adminis-
tration of the synthetic long-acting steroid, dexamethasone. According 
to Yates (1967), class I stimuli consist of stressors such as ether-burns, 
electric-shocks, and laparotomy in which ACTH release is blocked by 
prior corticoid treatment, and class II stressors are such as haemorrhage, 
intestinal traction, cervical dislocation and anoxia, in which blockade 
does not occur. Conceptually, stressors can be divided into (i) those 
which compromise the organism and require the restorative processes, 
and (ii) those which threaten but are harmless. Yates (1967) placed 
the real Physiological stressors of the natural environment, hunger. 
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thirst, infection, exhaustion, cold, heat, tissue-damage e tc . in the first ca-
tegory; while the Laboratory stressors such as shock, shaking, immobili-
zation or restraint and handling etc . in the second. Yates (1967) further 
stated that experimentally the distinction between the physiological 
and laboratory stressors is much harder to make, particularly in the 
case of the animal. According to him, humans in a stress-study on 
hunger, for example, are generally secure in the belief that death by 
starvation is not part of the experiment. The r a t ; has no such assurance. 
2.2.3.2 Restraint stress 
When an animal is kept under control in such a way that it cannot 
move its body at its will it is said to be under restraint stress. For 
example, when a rat is kept in a mini cage (Hasan, 1985) with the 
result that its movement is restricted, it is said to be under restraint 
stress. 
2.2.3.3 Manual restraint 
Rats of most strains can be picked up manually and restrained 
(Baker et al., 1980). Some strains have acquired reputation for being 
particularly aggressive, while others are thought to be particularly docile. 
Baker et al., (1980) emphasized that proper manual restraint by a con-
fident and firm grasp from above about the thorax with the thumb 
brought up behind the chin of the rat will prevent the animal from 
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biting under most circumstances. However, squeezing the neck and thorax 
must be avoided, otherwise the rat will react by struggling and possibly, 
biting. 
2.2.3A Restraint devices 
In the works of Renaud (1959), Baker et al. (1962), Ganis (1962), 
Thompson (1966) and Giradet (197^^), details of many types of restraint de-
vices, cages and other apparatus for rats, which are commercially avilable 
for general and/or specific needs, may be seen. 
2.2.3.5 Restraint used as a stressor 
Restraint is one of the commonly used laboratory stressors which has 
the apparent advantage of being relatively simple. It was further observed 
that this particular stressor is compounded of fear, isometric muscular act i -
vity, and muscle cramps due to specific positioning. According to Yuwiler 
(1971), restraint poses some problems since the magnitude of the stressor 
varies with experience and more subtly, with differences in positioning and 
handling the animals between experiments and experimenters. 
Seegal (1981) advocated that immobilization is usually selected as a 
stressor or as a means of inducing stress because of its being simple and 
also due to the large number of studies that have employed this stressor 
(Kvetnansky and Mikulaj, 1970; Kobayashi et al., 1976; Reigle and Meites, 
1976; Kholkute and Udupa, 1978, 1979; Du Ruisseau et al., 1979; Kawakami 
et al., 1979; Krigger et al., 1979). 
2.3 Acetylhomocysteine Thiolactone (Citiolone) 
Systemic name : DL - N - Acetylhomocysteine thiolactone. 
Structural formula: 
NH - C - NH, 
Acetylhomocysteine thiolactone belongs to thiol or sulfhydryl group 
(-SH) donor drug (Totaro et al., 1985). The -SH group plays an important 
role 
in detoxification in tissue. Protection of free radical by -SH group 
is well known. Compounds containing -SH group often prevent cellular 
transformation by oxidants, yet increases in cellular thiol status have 
frequently been observed in cells at various stages of transformation. 
Although it has been suggested that shifts in -SH status may play a 
causal role in transformation, it seems more probable that the increases 
in -SH status are associated with mitotic activity (Allen and Balin, 1989). 
Citiolone elevates neuronal sulfhydryl groups af ter chemical toxicity 
(Hasan and Haider, 1989). It also inhibits the lipofuscin pigment formation 
(Totaro and Pisanti, 1987). 
To—date, no at tempt has been made to evaluate the ef fec t of 
citiolone in the various regions of the rat brain and spinal cord in aged 
rats following restraint stress. Therefore, it would be of special interest 
to evaluate the mode of action of acetylhomocystein thiolactone on 
different biochemical parameters. 
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2.4 Morphological Changes of the CNS 
2.4.1 Gross Changes 
Morphological or structural organization of the brain were related 
with physical alterations as brain weight, volume, convolutions, ventricular 
space and general atrophy with age (Bondareff, 1959; Andrew, 1971). 
The aged brain of higher mammals, primates, canines and humans showed 
loss of brain weight, reduction of brain volume, increase in the ventricular 
size and the size of the sulci (Brody, .1955; Brizzee, 1975; Adms, 1980). 
The decrease of brain weight occurs mainly because of dry residue and 
to a lesser extent water loss. Samorajski and Rolston (1973) showed 
a more marked water loss in the brain stem and a less marked water 
loss in the hemispheres and cerebellum of mice. Studies of the age-
related changes in cerebrum and cerebellum individually have shown 
that each of these two major components of the brain decrease in weight 
with age. The brain undergoes a period of very rapid growth during 
perinatal development, remains stable throughout maturity and then 
appears to decline in mass during senescence. However, in some rodents 
(rats) the brain weight in old age increases or remains unchanged as 
compared with adult age, which could be due to its lower weight, but 
they do show a decrease in the neuronal density (Bondareff, 1980; Casey 
and Feldman, 1985). 
2.4.2 Anatomical changes 
The neuroepithelaial cells of the neural tube give rise to the neurons, 
astrocytes, oligodendrocytes and ependymal cells that largely constitute 
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the central nervous system (3acobson, 1978). The normal ageing brain 
exhibits both qualitative and quantitative changes in (1) neuron number, 
(2) dendritic extent and (3) synapse number and structure. These anato-
mical changes probably relate to decrease in both behavioral capacity 
and neuroplasticity associated with ageing. There is a decline in cell 
number within the cerebral cortex during normal ageing, along with 
a decrease in overall cortical volume (Coleman and Flood, 1987). 
Dendritic extent measured at any one point in time ref lects the 
simultaneous, on - going processes of growth and regression (Flood and 
Coleman, 1990). Synapses are dynamic and can be remodeled in response 
to both external and internal cues. However, this neuroplasticity may 
or may not be adaptive. For instance, dendritic regeneration may represent 
a loss of critical synapses or focussing of synaptic activity which serves 
to provide a more rapid or efficient response to environmental stim 
-uli. Sprouting, on the other hand, has sometimes, but not always, 
been suggested to underlie functional recovery. For instance, the contra-
lateral sprouting of septal afferents following entorhinal cortex lesions 
may occur in the absence of behavioral deficit or at a time without 
relation to the lesion-induced behavioural impairment (Finger and Almll, 
1985). Analysis of cortical tissue taken from cognitively intact aged 
humans has repeatedly demonstrated an age-related increase in dendritic 
extent despite cell loss (Buell and Coleman, 1981; Flood et al., 1987). 
Therefore, the ageing brain might compensate for neuronal loss by extending 
its dendritic territory. 
37 
Synaptic structure has also been shown to exhibit changes over 
the lifespan. During early developnnent in rodents, there is a thickening 
of the postsynaptic elements which undergo steady, nearly linear increases 
in length, area and average thickness in early developnnent and then 
stabilize for the remainder of the lifespan. Similarly, the length, area 
and thickness of the presynaptic element increases during early development, 
then plateaus, with no significant alterations even through old age. 
In the light of these findings, ageing in the rodent might be characterized 
by few quantitative alterations in synaptic element structure, but an 
overall decrease in synaptic density which accompanies declines in neuronal 
density (Hasan and Glees, 1973b). Furthermore, McWilliams and Lynch 
(198^) report that aged rats exhibit virtually no synaptic replacement 
in the hippocampus following damage to commissual pathways. This 
is in contrast to the extensive synaptic reorganization observed in young 
and middle aged rats following similar lesions. 
These changes could account, in part, for both physiological and 
cognitive deterioration. First, aged organisms exhibit a loss of neuron 
density, notably in the cortex and the hippocampus areas known to be 
involved in attention, memory, and other higher cognitive functions. 
There is an accompanying decline in the number of synapses present 
in these areas, though remaining synapses appear to be structualiy stable. 
Aged tissue fails to exhibit a normal growth response following neuronal 
loss. Taken as a whole, these alterations suggest one aspect of brain 
ageing which is a decreased ability to respond adaptively to physiological and 
environmental stimuli, on both a cellular and systems level. 
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Light and electron microscopic changes 
In Purkinje neurons of the cerebelJum, pyramidal neurons of cerebral 
cortex and trigemunal ganglion cells, distinct nuclear differences have 
been reported between young and old animals in light microscope preprations., 
In these studies, the differentiation of the nucleus from the cytoplasm 
was very sharp in young animals but less so with advancing age and 
in old animals. According to Brizzee et al. (1975), the same tendency 
occurs in human tissues but individual variation appeared to be greater . 
They believed this decrease in differentiation between nucleus and 
cytoplasm with age to be due to a greater basophilia of the nucleoplasm 
in cells of old subjects and to a decrease in amount of Nissl substance 
in the perikaryon. The nucleoli in such cells were often paler than 
in cells of young animals. Some investigators have described an increasing 
darkening of the nucleoplasm and accumulation of Feulgen stainable 
chromatin material with age (Sanides, 1957; Klatzo et al., 1965). Increased 
nuclear basophilia with vacuolization of nucleoli in spinal cord neurons 
of rats has also been described (Andrew, 1961). Oval or round enlargements 
( spheroids) of axons in the tissue from ageing individuals have also 
been reported. These exhibited marked variation in the nucleus gracilis. 
They have also been observed, though to a lesser degree, in other brain 
stem structures and basal ganglia (Brizzee et al., 1975). 
According to ultrastructural studies of age differences in neuro-
glia in the rat hippocampus, there is increased oligodendroglial satellitosis, 
binucleated cells or fusion of oligodendroglia and invagination of oligoden-
droglial nuclear membranes with a marginal condensation of nuclear 
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chromatin with age (Hasan and Glees 1973b). Obvious changes in astrocytes 
were not observed, but in microglia, numerous lipid vacuoles have been 
observed in the perikaryon. Increasing accumulation of neurofibrils 
and neurotubules and higher electron density of axons has also been 
reported with age (Hasan and Glees, 1973b). Age-related changes in 
the rat hippocampus have revealed a disorganization of the normally 
well-developed laminated pattern of the rough-surface endoplasmic reticulum 
and multiple invaginations of the nuclear membranes with age. In old 
rats, the outline of the neuronal nuclear membranes typically appears 
less spherical than in younger animals, showing more distortion and infolding 
(Hasan and Glees, 1973b; Johnson and Miquel, 197^^ ; Vaughan and Vincent 
1979; Johnson, 1980). Increase in f i l ament - f i l l ed glial profiles coursing 
through the neuropil were also reported in aged rate (Vaughan and Peters, 
]97k). In the ageing simian brain there is an increase in the number 
of synaptic processes containing membrane-bound degenerative products 
and dense osmiophilic bodies (Mervis et al., 1979). Wisniewski et al. 
(1973) reported a similar accumulation of debris in the synaptic processes 
of aged monkeys. The actual presence of this material may not have 
any age-related significance, as similar degenerative products in altered 
axonal terminals have been found in the lateral vertibular nucleus of 
normal adult rats (Sotelo and Palay, 1971) as well as in ageing rats 
(Johnson and Miquel, 197^ )^. Spontaneous axonal degeneration has likewise 
been found to be more severe in the ageing rat brain than in younger 
animals (Johnson and Miquel, 1971 )^. Disruption of the myelinated fiber 
may involve both the axon and its myelin sheath or myelin degenration 
surrounding a normal axon. In rats (Sotelo and Palay, 1971) and man 
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(Rees, 1975), axonal-myelin alterations have been observed in normal 
young and adult brains. The phenomena, therefore, may be manifestation 
of normally occurring axonal remodeling as well as an age-related dystrophic 
finding. 
Lipofuscin deposition exhibits a special structural, topistic and 
qualitative appearance as well as a special developmental course in 
the ageing processes of the nervous tissue. The increasing intraneuronal 
accumulation of lipofuscin pigment is considered to be one of the consistent 
cytological alterations correlated with mammalian ageing (Bondareff, 
1957; Brody, 1960; Nandy and Bourne, 1966; Reichel et al., 1968; Samorajski 
et al., 1968; Brizzee and Johnson, 1970). According to Strehler et al., 
(1959), the cause of lipofuscin accumulation must be seen in the difficulties 
affecting the elaboration of a sufficiently stable membrane for containing 
lysosomal enzymes. These enzymes are readily liberated during cellular 
reorganization leading to lipofuscin formation in relation to ageing. 
The lysosomal origin might also apply to neuronal lipofuscin formation. 
That the accumulation of pigment is a 'normal' age-correlated phenomenon 
has not been generally accepted, for Sulkin (1969) pointed out that lipofuscin 
might be the result of various forms of insult and injury to the organism. 
Pigment formation in young rats has also been found in a number of 
experimental conditions such as chronic vitamin E deficiency (Einarson, 
1953,195^^; Sulkin and Srivanij, 1960), the e f fec t s of acetanilid feeding,, 
the t reatment of unilateral nephrectomized rats with ACTH and in cases 
of chronic hypoxia (Sulkin, 1969). Sulkin and Srivanij (1960) stated that 
environmental, emotional and physical stress and not age £er se could 
initiate the deposition of lipofuscin cells. Strehler (1962), however, 
contends that experimentally induced lipofuscin need not invalidate close 
relationship of the pignnent with ageing since the resulting experimental 
changes occur by a different process than that in physiological ageing. 
According to Reichel et al. (1968), the amount of lipofuscin also increases 
with age and is distributed in the brain in a highly selective manner. 
The relative amount of pigment has been considered to be a fairly reliable 
index for the chronological age (Nandy, 1968; Reichel et al., 1968). 
Nanda and Getty (1971), examining lipofuscin pigment in the nervous 
system of ageing pig, proposed that the presence of lipofuscin pigment 
was the only neurocytological age alteration in the neurons. The presence 
of pigment in all of the old animals, the increasing ra te of deposition 
with advancing age, the marked presence in nondividing cells and the 
lack of cocfelation withi any specific disease are strong arguments supporting 
its relationship with the ageing process (O'Steen and Nandy, 1970). Some 
of the earlier reports (Hamperl, 1953; Bachmann, 1953), which s ta te 
that the amount of lipofuscin in the organ may decrease with time, 
should be mentioned here. In the absence of quantitative data in support 
of the above, it is difficult to evaluate the consensus of opinion that 
increasing lipofuscin deposition occurs with increasing age. It is possible 
that the increased vacuolation of lipofuscin occurring with ageing (Hasan 
and Glees, 1973a) may have been interpreted as a decrease in the quantity 
of lipofuscin occurring with time. 
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2.5 Biochemical Changes 
2.5.1 Brain Lipids 
"There is no other organ in the body that contains such a high 
proportion of lipids as the brain" 
- Adams (1965) 
Lipids are the major structural and functional constituents of any 
biological membrane. They serve as essential component of several crucial 
enzyme systems and as a fuel molecules, as highly concentrated energy 
stores (Lehninger, 198^ )^. In the mammalian central nervous system, lipids 
comprise over half of the total dry weight (Brante, 19't9; Balakrishnan 
et al. 1961; Ordy and Kaack, 1975; Suzuki, 1981). Almost all of the lipids 
in the CNS are found in membranes of cells. Different types of membranes 
accumulate different types of lipids. These brain lipids are constantly 
being synthesized replacing other molecules in the membranes (Horrocks 
et al, 1975). Neural membranes contain three major categories of lipids: 
cholesterol, sphingolipids and glycerophospholipids. These lipids are highly 
enriched in the CNS of vertebrates. Other lipids, such as triglycerides, 
f ree fa t ty acids and cholesterol esters, which are abundant in systemic 
organs, are minor constituents of the CNS (Suzuki, 1981). However, some 
of these lipids are metabolically very active. There is increasing evidence 
that lipid molecules play important functional roles within the membranes. 
Some of the postulated physiological functions of membrane lipids include 
the site for the cell-to-cell recognition process, specific cell surface antigens 
and specific receptors for toxins or other physiological compounds. 
Brain contains a unique structure, the myelin sheath, which has 
the highest lipid concentration of any normal tissue or subcellular com-
ponents, except adipose tissue. The range of values for myelin total 
lipid is 60-80% of dry weight (White et al., 1978). Myelin is present 
in all parts of the CNS, but is more concentrated in areas composed 
mainly of fibre tracts , such as the white matter of brain and spinal 
cord. Mammalian brain white matter contains about 50% myelin on 
a dry weight basis. Even in the whole brain of an adult rat , myelin 
is about 25% of dry weight and accounts for more than of the 
brain lipid (Norton and Poduslo, 1973), because the lipid compositions 
of gray and white matter differ both in total concentration and in the 
distribution of individual lipids. Early analysis of white matter revealed 
that cholesterol, sphingomyelin and cerebroside were present in larger 
amounts than in the gray matter (Johnson et al, 19'f8). The complete 
lipid analysis of myelin from different species has been reported by 
various workers (Autilio et al, 196^ ;^ Eichberg et al, 196^ ;^ O'Brien, 1965). 
Substantial changes in lipid composition take place during active myelination. 
In active myelination, the brain loses water, predominently in white 
matter. The lipid content increases rapidly and the differences between 
gray and white matter become more apparent (Wells and Dittmer, 1967; 
Norton and Poduslo, 1973). The rapidly increased myelin content is closely 
related with increase in brain weight (Smith et al, 1983). 
It is well recognized that the brain undergoes distinct changes 
in lipid composition during growth and development that reflect the 
structural differentiation of the nervous system. As a result specific 
patterns are formed during development of specific brain regions and 
subcellular membranes, particularly the myelin. Although a voluminous 
amount of information has already appeared to document these changes 
during development, little detailed information is available on lipid changes 
and ageing. 
The studies by Rouser and Yamamoto (1968, 1969) on male human 
brain still remain one of the most comprehensive studies regarding quan-
ti tative changes in all the major lipid classes. They showed that lipid 
composition changes continuously throughout development and ageing, 
with individual lipid classes having different rates of change at different 
ages. Whole brain total lipid increases rapidly upto about 2 years of 
age, continues to increase less rapidly to a peak at 30-kQ years, and 
then declines: at a s teady rate a f te r the age of 50 (Rouser et al, 1972). 
The changes in the individual lipid classes have been summarized by 
Horrocks et al (1975, 1981). The greatest losses (12-19%) in lipids between 
40 and 70 years of age found in cholesterol, cerebrosides, cerebroside 
sulphates, ethanolamine, plasmogens and sphingomyelins. All of these 
lipids are relatively enriched in myelin. These data are supported by 
Berlet and Volk (1980), who (Quantified myelin from white matter of human 
brain between the age of 17 and 89 years and found a significant decrease 
in myelin content in the aged brains. 
Lipid changes in rodent brain differ from those in human brain. 
Increase in phospholipid, cholesterol and cerebroside content of aging 
brain of mouse, Peromyscus leucopus (longlived field mouse) and rat 
have been reported by Sun and Samorajski (1972), Horrocks et al (1981) 
and Bonetti et al (1983), respectively. These increases correlate well 
with reported increases in nnyelin content of aging rodent brains (Rawline 
and Smith, 1971; Norton and Poduslo, 1973; Malone and Szoke, 1982). 
These increases also correlate with specific increases of 60-80% in myelin 
galactolipids and cholesterol in mouse brain (Sun and Samorajski, 1972). 
Studies from this laboratory have shown that chemical stress perturbs 
the levels of total lipids in the rat CNS (Tayyaba and Hasan, 1980; 
Islam et al, 1980; Hasan and Khan, 1985; Vadhva and Hasan, 1986 and 
Naqvi et al, 1988). 
Little information is available on age-related changes with environ-
mental stress uptil now. Because there is no report available on changes 
in various regions of brain and spinal cord during senescence, it would 
be of great interest to estimate the levels of total lipids quantitatively 
in the various regions of CNS of aged rats following restraint stress. 
2.5.2 Phospholipids 
Phospholipids are the major class of membrane lipids. Glycero-
phospholipids are the major component of brain lipids. Phospholipids 
constitute approxinriately one fourth (20-25%) of the dry weight of brain 
(Holkin, 1969; White, 1973). Total amounts of phospholipids are higher 
in white matter than in gray matter , and the reported amounts range 
from 3.1-'f.6g/100g fresh tissue for gray matter and 6.2-9.3g/100g for 
white matter (Yasuda, 1937; Randall, 1938; Brante, 19'f9; Johnson, \9k9-, 
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Suzuki, 1981). Large amounts of phospholipids in white matter evidently 
reflect their occurrence as a component of the molecular structure 
of myelin sheaths, phopholipids present in the myelin sheath 
(Fumagelli and Paoletti, 1963). The importance of phophorous containing 
lipids of the CNS presumably depends upon their role as membrane 
constituents. They not only constitute the backbone of biomembranes, 
but also provide the membrane with a suitable environment, fluidity 
and ion permeability (Farooqui and Horrocks, 1985; Nicotera et al, 1989). 
The phopholipid bilayer is penetrated to varying degrees by receptors, 
enzymes and ion channels, which differentially protrude through the 
membrane or are localized predominantly on the intracellular or extra-
cellular membrane surface. One of the most important functions of 
the biomembrane is the regulation of ion homestasis. The neural mem-
branes are highly interactive and dynamic and therefore the interaction 
of ligand with receptor markedly a f fec t s neural membrane phospholipid 
metabolism (Loffelholz, 1989; Nahorski et al, 1986; Porcellati, 1983. 
This in turn regulates the microenvironment for the activities of the 
membrane-bound enzymes and ion channels (Farooqui and Horrocks, 
1985). Porcellati (1983) and Procellati and his co-workers (1983) 
reported that different phospholipids turnover at different rates with 
respect to their structure and localization in various cells and mem-
branes. Newly synthesized phospholipids are transported to membrane 
structure by phospholipid exchange and transfer proteins (Brammer, 
1983; Demel et al, 198^ )^ which are found in cytosol. The distribution 
of phospholipids in a biologic membrane is thus regulated not only by 
the activities of enzymes involved in tiieir metabolism but also by the 
transport and incorporation processes into the membrane. Many investi-
gators such as Porcellati et al (1970a, b); Ansell and Spanner (1971) 
and Porcellati et al (1971) have concentrated on the regulatory mechanisms 
of phospholipid biosynthesis in the brain, and of the alternative metabolic 
pathways involved, should be of interest, because it is highly probable 
that the metabolism of phospholipids in brain is somewhat different 
from that in other tissues. 
Phospholipids are of particular interest in ageing studies because 
they are an integral part of the membrane lipid bilayer and changes 
in composition may result in alteration of the membrane protein activities. 
More age-related differences have been found in acyl group compositions 
of glactolipids .and phospholipids (Rouser and Yamamoto, 1969). The 
most dramatic differences are seen during early development. The 
important changes in the phosphoglycerides follow a general pattern 
of decreased properties of saturated and polyunsaturated . acyl groups 
during development (Sun and Sun, 1972). Phospholipids were decreased 
with age in human brain (Rouser and Yamamoto, 1968). Phospholipids 
concentration increase by 30 yU moles/lOOg fresh weight during 23rd 
year, but decreases by 36 moles/lOOg fresh weight during 2Uth year. 
The annual decrease then becomes smaller during successive succeeding 
years (Svennerholm, 1968). 
Myelin lipid, at the subcellular level in ageing brain has received 
greatest attention because this membrane is relatively early to purify 
and pathological loss of myelin may be associated with loss of neuronal 
functions. Myelin phospholipids have been examined in some detail 
in ageing brain of mouse (Sun and Samorajski, 1972), rat (Rawline and Smith, 
1971; Norton and Poduslo, 1973; Malone and Szoke, 1982; Smith 1973) 
and humans(Horrocks et al, 1981). These changes were observed in isolated 
myelin fractions and therefore do not merely reflect an increase in 
the proportion of myelin, which is relatively rich in monounsaturated 
acyl groups, relatively poor in saturated and (n-3) polyunsaturated acyl 
groups (Sun and Horrocks, 1970; Sun and Sun, 1972; Sun and Samorajski, 
1972; Horrocks, 1973). 
Recently, Gupta and Hasan (1988) from this laboratory have reported 
the changes in the cerebrum, cerebellum, brain stem and spinal cord 
phospholipids following restraint stress. To our knowledge, to date, 
only few at tempts have been made to study the e f fec t s of stress on the 
phospholipid levels. 
Neurobiochemical studies of regional phospholipid changes of rat 
CNS following 2^ ^ hours restaint stress have not been reported in the 
literature and present investigation provides necessary information on 
the effects of restraint stress on aged brain phospholipids. 
2.5.3 Cholesterol 
Cholesterol is a major sterol, present in significant amount in the 
central nervous system (Ansell and Hawthorne, 196^ )^. It is also an important 
component of biological membranes. Membranes are generally thought 
to consist of phospholipid bilayers into which membrane proteins are 
embedded, yet cholesterol molecules are present in most animal structures. 
Due to its amphipathic nature bearing an OH-group and a hydrocarbon 
skeleton with rigid rings and a branched chain of eight carbons, cholesterol 
is perfectly suited to mesh with lipid bilayers (Brenner, 1990). 
Chelesterol accounts for about 10% of dry weight of the brain in 
contrast to less than 1% found in most other organs. The constancy of the 
amount of cholesterol in the brain suggests that the sterol is metabolically 
stable (Waelsch et al, 1940). Unesterified cholesterol has been suggested 
as a lipid characteristic of myelin sheath, as it occurs in white matter 
in a higher concentration than in gray matter (Johnson, Brante, 
19'f9). About 25 % of cholesterol is present in myelin lipid by weight (Soto 
et al, 1966) and approxiamtely 703&.-of total brain cholesterol is present 
in myelin (Laatsch et al, 1962). Cholesterol is thought to act as a convenor 
in the absorption of fats . Bloor (19'f3) reported a parallelism between 
cholesterol content of blood and the fat ty acids. Due to the abundance 
of cholesterol in nervous tissues and its variation in mental diseases, 
it may function as an insulating medium for myelin sheaths. Sterols 
are thought to have a role in maintaining the balance between the cell 
permeability and the membrane equalibrium of living cells. Brain micro-
somes are the side of cholesterol biosynthesis (Paoletti, 1971). Biosynthesis 
of cholesterol in brain is most rapid during active myelination, but 
adult brain retains the capacity to synthesize cholesterol when precursors, 
such as ace ta te or mevalonate are available. 
Fetal or neonatal brain prior to myelination contains relatively 
little cholesterol. Kritchevsky and Holmes (1962) found varying amounts 
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of the sterol in the newborn rat brain. In rat brain, total levels of 
sterol ester increase from birth to W days (Eto and Suzuki, 1972). A 
decline is also noted in human and guinea pig brain cholesterol (62.3%) 
and desmosterol (31.1%) were the major sterol and small to trace amounts 
of other sterols were also detected (Ramsey and Nicholas, 1972) relative 
to total phospholipid and glycolipid, in which changes in whole brain 
and myelin are compared. Increase in cholesterol content of ageing 
brain of mouse and rat have been reported by Sun and Samorajski (1972), 
Horrocks et al (1981), and Bonetti et al (1983), respectively. These 
increases correlate with specific increases of 60-80% in myelin galactolipids 
and cholesterol in mouse brain (Sun and Samorajski, 1972). 
Earlier findings from this laboratory have shown the alterations 
in the levels of cholesterol in discrete brain areas following chemical 
stress (Tayyaba and Hasan, 1980; Hasan and Khan, 1985; Vadhva and 
Hasan, 1986; Naqvi et al, 1988). Little information is available on 
the e f fec t s of restraint stress on ageing (Gupta and Hasan, 1988). Therefore, 
it would be of interest to est imate the levels of cholesterol quantitatively 
a f te r the restraint stress in various age groups of rats. 
2.5A Triglycerides 
Triglycerides consists of glycerol esterified with 1,2 or 3 fa t ty 
acids. They are synthesized in the liver and in most other tissues from 
alpha-glycerophosphate and the coenzyme-A derivative of the long chain 
fat ty acids. Triglycerides are the most abundant form of the fat in 
the mammalian body. The mass of the fat stored in adipose tissue depots 
contains more than 90% of triglycerides. This nnass of fat makes up 
10-35% of body weight (Weidman and Schonfeld, 1980). Triglycerides 
are present in the plasma in association with other lipids and with proteins 
in lipoprotein complexes. These can best be considered in the present 
context as providing a mechanism for the transport of a water- soluble 
triglyceride in an aqueous medium (White et al., 1978: Smith et al., 
1983). Two lipoprotein classes - the chylomicrons and the very low 
density lipoproteins (VIDL) carry most of the plasma triglycerides. The 
concentration of triglycerides in the plasma at any time reflects a balance 
between rates of entry and removal of triglyceride fat ty acids from 
the circulation. 
The brain is unique in its lack of certain lipids that are abundantly 
present in other organs of the body. However, triglycerides constitute 
at the most only a few percent of the total lipid of the brain lipids, 
some are probably contributed by blood and blood vessels, rather than 
by neural tissues (Suzuki, 1981; Cook, 1981; Horrocks and Harder, 1983). 
2.5.5 Gangliosides 
Gangliosides are the sialic acid containing glycosphingolipids, which 
are highly enriched in the CNS of vertebrates, including man (Wiegandt, 
1967; Ledeen, 1978; Svennerholm, 1980). Sialic acid is the generic name 
for N-acylneuraminic acid, and the acyl group of sialic acid in the human 
brain is always the acetyl form (Suzuki, 1981). N-aceytylneuraminic 
acid IS commonly abbreviated as New Nac. In the gray matter 6% 
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of the total lipids are gangliosides (Lehninger, 198^). Also gray mat ter 
contains many times higher ganglioside concentration, compared to white 
matter (Wolfe, 1972). In the brain, at the cellular level, gangliosides 
seem to be more highly concentrated in neurons (Yu and Iqbal, 1979) 
than the glial cells (Roberts et al, 1975) and myelin (Ledeen, 1978). 
Many investigators have thought that each component of neural tissue 
would possess a specific set of gangliosides and that a definite set of 
gangliosides might be required for particular membrane functions. Ganglio-
sides are localized in two fraction of the brain. Major gangliosides 
of the brain are GM|^  GM2, GM^, GDla, GDlb and GT.Several other minor 
gangliosides have been identified in the nervous system including GD^ 
q[)2 sialylagalactosylceramide. A minor amount of ganglioside 
appears to serve as a structural role in the myelin matrix (Suzuki, 9'981). 
The bulk of the ganglioside in brains is found in the outer membrane 
of the nerve endings. Wiegandt (1967) has suggested that they are involved 
in nerve impulse conduction. It has been demonstrated that the distribution 
of gangliosides resembles that of -y^aminobutyric acid (Lowden and Wolfe, 
196^ )^. Deul and his coworkers (1968) have indicated that the binding 
of serotonin to synaptic vesicles may be mediated by gangliosides. 
Irwin (1969) and Irwin and Samson (1971) have also indicated that certain 
types of behavioural stimulation seem to be accompanied by alteration 
of ganglioside ilietabolism compared to corresponding control animals. 
Gangliosides have also been shown to modulate the phosphorylation system 
(Agnati, 1985 Bremer et al, 1986). Gangliosides in brain play 
an active role rather than a passive function. 
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Gangliosides, during development undergo characteristic changes 
in content and - connposition (Rosner, 1977; Engel et al, 1979; Yusuf and 
Dickerson, 1980) and have, therefore, been suggested to be instructional 
molecules for brain maturation. In particular, they appear to be functionally 
involved in the control of axonal (Willinger and Schachner, 1980) and 
dendritic (Irwin and Irwin, 1979) out growth, synaptogenesis (Engel et 
al, 1979) and the establishment of cell contact (Yogeeswaran and Hakomori, 
1975). Moreover, in adult nervous system, the individual gangliosides 
have been suggested to play a role as membrane-bound receptors or 
co-receptors for toxins, drugs viruses, hormones, transmitters e tc . (Svenner-
holm, 1980). In many ways ageing of the brain can be seen as the 
reversal of these events, with neurons and synapses being lost (Brody 
and Vijayashankar, 1977; Bondareff, 1980) dendrites deteriorating (Scheibel 
and Scheibel, 1975; 1977 and myelin sheath of neurons degenerating 
progressively (Berlih and Wallace, 1976). This leads to the assumption 
that brain gangliosides also change with ageing, which has in fact been 
shown for the rat (Rahmann 1980; Horrocks et al., 1981) and humans 
(Rouser and Yamamoto, 1968, 1969; Cherayil, 1969; Fredman et al, 
1980; Seglar-Sthal, 1983). The total ganglioside content of human brain 
appears to increase upto about 6 to 8 months constantly and then declines 
(Rouser and Yamamoto, 1968). In human brain, the concentration of 
gangliosides-bound sialic acid drops by from age 25 to ^^ 8 years, 
plateaus until the mid 70s and then begins to drop again to a low level 
of WO ug/g at age 85 (Seglar-Sthal, 1983). Fredman et al, (1980) reported 
than the brain of a 65 years old contained more te tra and trisialo-
gangliosides by less disialoganlosides than the brain of 3 months old. 
A similar rise upto about 20 days and then a fall through at least 50 
days of age is apparent for rat brain (Suzuki, 1967). Merat and Dickerson 
0973) reported that in the fore-brain of rat the proportion of disialogang-
liosides decreased and monosialogangliosides increased (about W%) between 
17 and 27 months. The sialic acid level of rodents declines only slightly 
during senescence (Rahmann, 1980). The decline of ganglioside concentra-
tion during ageing is probably related to degradation of the ganglioside 
rich components such as neuronal membrane. However, the cause-effect 
relationship has not been delineated (Seglar-Sthal, 1983). 
To date, little information is available on the ganglioside concentra-
tion in rat brain following restraint stress (Gupta and Hasan, 1988). 
Therefore, the present study deals with the e f fec t of restraint stress 
on gangiiosides concentration in different age groups of the rat brain. 
2.5.6 Lipid Peroxidation and their Products 
"All the diseases are the result of collection of waste 
materials, the latter being initiated by many causes 
to produce symptoms; wastes collect due to incorrect 
dieting and living." 
- Atharva Ved. 
The lipids within the membranes of cells from higher organisms 
contain large number of polyunsaturated fat ty acid sidechains. Such 
fatty acids are prone to undergo a process known as "lipid peroxidation", 
which involves the generation of carbon rardicals followed by production 
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of peroxide radicals (Soi^al, 1981). Lipid peroxidation has been identified 
as a basic deteriorative reaction in the cellular mechanism of ageing 
process, in cells damaged by environmental pollutants and in variety 
of pathological conditions (Tappel, 1973). Biomembranes and subcellular 
organelles are the major sites of lipid peroxidation (Tappel, 1970). Quanti-
tative studies of enzymatic inactivation by lipid peroxidation have shown 
that sulfhydryl enzymes are most susceptible to inactivation (Chio and 
Tappel, 1969; Green et al., 1971; Rubstov et al., 198^ ;^ Leelarc et al., 
1987; Numan et al., 1990). The brain which is rich in polyunsaturated 
fa t ty acids and oxygen supply and has low activities of antioxidant defense 
enzymes becomes a vulnerable organ for such peroxidative at tack. 
Lipid peroxidation is an autocatalytic f ree radical process (Pryor, 
1987). Free radicals are short lived, highly reactive chemical species 
involved in a variety of functions, namely, oxidation of unsaturated 
fat ty acids in cell membranes (lipid peroxidation), damage of DNA, 
modulation of nucleotide cyclase activities and synthesis of prostaglandins 
and lipo-peroxides. These f ree radicals are usually produced in biological 
system during anti-microbial defense, through the action of mixed function 
monoxygenases, by various oxidative enzymes, such as xanthine oxidase and 
by auto-oxidation mediated by heavy metals and quinones (Proctor and Rey-
nolds, 198^ ;^ Richter, 1988; Simic, et al., 1989). The reactive 
O^ species, if not scavenged efficiently, are known togive rise to potentially 
toxic intermediates, namely, hydroxy radical (°OH) and singlet (0°2). These 
oxidants, in the presence of metal ions, result in the formation of lipid per-
oxides (Lai and Piette, 1978; Lai et al., 1979a). 
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Initiation of lipid peroxidation in a mennbrane or f ree fa t ty acid is 
due to the a t t ack of any species that has sufficient reactivity to abstract 
a hydrogen atom. Since a hydrogen atonn has only one electron, this leaves 
behind an unpaired electron on the carbon atom. The carbon radical in a 
polyunsaturated fa t ty acid tends to be stabilized by a molecular rearrange-
ment to produce a conjugated diene, which rapidly reacts with O^ to give 
hydroperoxy radical, Hydroperoxy radicals abstract hydrogen atoms from 
other lipid molecules and so continue the chain reaction of lipid peroxidat-
ion. The hydroperoxy radical combines with the hydrogen atom that it abs-
tracts to give a lipid hydroperoxide (Barber and Bernheim, 1967). The classi-
cally accepted mechanism of free radical lipid peroxidation is outlined below. 
[LH = fat ty acids; LOOH = lipid hydroperoxides; L' = lipid alkyl radical; 
LOO' = lipid peroxy radicals] (Aust and Svingen, 1982). 
Initiation 
LH + O, 
LOOH 
Free radicals, L' 
Free radicals, LOO" 
(i) 
(ii) 
Propagation 
L- + O-
LOO' + LH 
-f LOO' 
-•LOOH + L' 
Termination 
LOO' + LOO" 
LOO' + L' -
L' + L' 
->LOOL + O, 
LOOL 
->LL 
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A scheme for f ree radical initiation of lipid peroxidation is siiown in 
Fig. 2.6. 
Lipid peroxidation and its products are toxic to various cells. 
Lipid hydroperoxides decompose to produce aldehydes (e.g. malondialdehyde) 
and other products including gaseous hydrocarbons such as ethane and 
pentane (Pryor, 1978; Konze and Elstner, 1978; Cohen, 1979). Their 
decomposition is catalyzed by transition metal ions and by haem compounds 
(O'Brien, 1969; Graziano, 1976; Kohn and Kessel, 1979). Lipid hydroper-
oxides and some of their degradation products are highly cytotoxic: 
they cause extensive damage to enzymes and to membranes, producing 
a decrease in electrical integrity (Gardner, 1979; Pauls and Thompson, 
1980; Sohal, 1988; Watanabe et al., 1990). DNA can be damaged and 
so lipid peroxidation can have a mutagenic e f fec t (Saul et al., 1987; 
Wilson, 1987). Further, there is some evidence that malondialdehyde 
is a mutagen (Summerfield and Tappel, 1984; Black et al., 1985). Disrup-
tion of lysosomal membranes by lipid peroxidation can spill hydrolytic 
enzymes into the rest of the cell and thus potentiate the damage 
(Fig. 2.7). 
Age-pigment is an end product of lipid peroxidation. The accumula-
tion of fluorescent age-pigment or lipofuscin is a frequently observed 
age-associated cellular alteration in a variety of post-mitotic cells of 
many species (Wolmen, 1975). Free radical intermediates of lipid peroxida-
tion react with protein causing denaturation and plymerization (Balin, 
1982). The co-polymerization of lipids with protems, peptides or other 
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compounds results in the formation of cellular metabolites in the cells 
(Hasan and Glees, 1972a; Patro et al., 1988), The involvement of free 
radicals in the lipofuscin formation has been demonstrated in human 
glial cells and rat heart monocytes by Thaw et al. (198^^) and Sohal 
et al. (1989a), respectively. 
Membrane damage during ageing is one of the major destructive 
process of lipid peroxidation (Tappel, 1973; Chasovnikova et al, 1990). 
Watanabe et al (1990) ascertained that alterations in biophysical properties 
of membranes caused by lipid peroxides play an important role in cell 
injury. High levels of lipid peroxides have been related to a number 
of degenerative diseases (Pryor, 1987). Fujiwara et al, (1990) suggested 
that the decreased antioxidant injury in hypoxemic patients enhances 
lipid peroxidation in erythrocytes. Old age is associated with the higher 
lipid peroxidation capacity and the decreased inducibility of defensive 
enzymes (Imre and Juhasz, 1988). Nomura et al (1989) found higher 
levels of .MDA in brain and liver of senescence-accelerated mouse which 
was accompanied by a loss of superoxide-dismutase (SOD) activity. 
Lemeshko et al (1987) showed that the intensity of peroxidation of bio-
membranes lipids gets lowered in liver and brain of ageing rat . They 
associated it with an increase in antioxidant enzymes. The capacity 
of MDA oxidation is lost progressively with age and the extent of loss 
is modulated by food restriction (Wadhwa et al, 1986; Kim and Yu, 
1989; Govinda et al, 1990). Age-associated increase in lipid peroxidation 
was also observed in rat liver microsomes (Sagai and Ichinose, 1980), 
human serum (Hagihara et al, 198^) and human red cells (Nakai et al, 
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1984). Videla et al (1987) reported that total liver thiobarbituric acid 
reactants (TBARS) showed an increase at 39 weeks of age as connpared 
to the young (3 weeks), followed by a diminution in 53 weeks 'o ld groups. 
Age-related increase in lipofuscin has also been observed in Caenorhabditis 
elegans (Klass, 1977), Drosophiia meianogaster (Miquel et al, 1974; Sheldahl 
and Tappel, 1974) and Musca domestica (Sohal and Sharnna, 1972; Donato 
and Sohal, 1978; Donato et al, 1979a, b). Muscari et al (1990) found 
increased lipofuscin content with age in glutamate and succinate induced 
respiration in male wister rats. The fluorescent intensity and the optical 
density (OD) of lipofuscin granules of retinal pigment epithelium were 
also found increased with age by Boulton et al (1990). 
2.5.7 Antioxidant Defence Systems 
Free radical reactions are ubiquitous in living beings because of 
the high chemical reactivity of the intermediates. Various pathways 
are known by which free radicals can mediate cellular toxicity. The 
action of f ree radicals on biological system has the potential for disturbing 
the balance of pro-oxidants and antioxidants. An alteration in this 
balance in the favour of pro-oxidant is known as oxidative stress (Sies, 
1985). To control and reduce the free radical induced cellular damage, 
the organism has a compensatory mechanism, which comprises the most 
important variables in controlling or preventing free radical reactions. 
These defences include some naturally occurring antioxidants as well 
as exogenous agents that have been proved useful. Some of these are 
water soluble or confined exclusively to non-polar environment such 
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as ascorbic acid and tocopherols, respectively. The other anti-oxidants 
that have received maximum attention in biological systems, include 
selenium and the thiol containing compounds like glutathione and the 
enzymes of glutathione cycle (Flohe et al, 1976; Kosower and Kosower, 
1978) (Fig. 2.8). Antioxidants are divided into two major classes: 
(i) Preventive antioxidants : These antioxidants interfere v/ith 
initiation of the f ree radical chain reaction, e.g., catalase 
and other peroxides and the chelators of the metal ions. 
(ii) Chain breaking antioxidants : They interfere with chain pro-
pagation. They comprise superoxide dismutase, which acts 
in the aqueous phase and reduces the superoxide anion; similarly 
uric acid and vitamin E act in the lipid phase to reduce 
the lipid peroxy radicals (Chance et al, 1979; Halliwell and 
Gutteridge, 1985). 
2.5.7.1 Sulfhydryl groups 
Sulfhydryl (-SH) group is also known as thiol group, it pla^s a 
key role in many important enzymes by acting as active enzymatic 
sites (Hoch and Vallee, 1959). In principle, any enzyme bearing an 
accessible thiol, essential for activity, is capable of forming protein mixed 
disulfides or intramolecular disulfides by reacting with small disulfides. 
Formation of mixed disulfides or intramolecular disulfides can increase 
or decrease catalytic activity and examples of both are known. Further-
more, the extent of enzyme-S-thiolation would depend on the thiol-
disulfide redox potential as well as the nature of the small disulfide 
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and the microenvironment around the accessible protein thiol. These 
parameters are at least potentially capable of conforming the specificity 
required for a biological control mechanism through signals transmitted 
by changes in the thiol-disulfide redox potential as a function of different 
metabolic s tates . 
Sulfhydryl groups derived from the side chain of cysteine residues, 
occur in a number of enzymes. Sulfhydryl (-SH) group and disulfide 
(-SS) bond of cysteine are highly reactive and apparently involved in 
the maintenance of the conformation and biological activity of certain 
proteins. As the receptors are protein in nature, t h e reagents which 
modify -SH groups may influence the interaction of neurotransmitters 
with their recognition sites (Sobrino and Del Castillo, 1972). 
Sulfhydryl groups play an important role in GST induced detoxification 
against electrophilic xenobiotics and toxicants by conjugating with such 
compounds and thus neutralizing their electrophilic sites (Habig et al, 
Glutathione has been considered to function as biological antioxidant. 
It plays a pivotal role in the destruction of f ree radicals as well as 
inorganic and organic peroxides (Sohal et al, 198^ )^. GSH is a naturally 
occurring and widely distributed tripeptide. It consists of glycine, cysteine 
and glutamic acid moities (Allen and Balin, 1989). It is the major non-
protein thiol compound present in cells in concentrations which range 
between 0.1 and 10 mM (Kosower, 1976a). It is synthesized intracellularly 
by the consecutive actions of -glutamyl cysteine synthase and GSH 
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synthase. Its concentration is dependent on metabolic ra te and the 
level of oxidative stress (Allen et al, 1985a). It has been implicated 
in a wide variety of biological functions, such as the maintenance 
of cell membranes, destruction of metabolic peroxides and f ree radicals, 
detoxification of foreign compounds, removal of H2O2 , maintenance 
of thiol groups of enzymes and proteins, control of redox status, disulfide 
exchange reactions, transport of amino acids and peptides across membranes 
(Hazelton and Lang, 1980; Meister and Anderson, 1983; Ziegler, 1985). 
The concentration of GSH of tissue is inversely proportion to 
ageing. Younes and Siegers (1980) and Katoh et al (1989) observed 
an enhanced level of lipid peroxides associated with the GSH depletion. 
The role of GSH in peroxidation is evidenced by the inhibition of oxidative 
/ 
stress induced by different compounds such as ascorbate, NADPH -
BrCCl3 and NADPH-Fe^"^ (Wefers and Sies, 1988; Tampo and Yanaha, 
1990). The GSH was observed to protect rats from toxic 0 species 
engendered by hyperoxia (Van et al, 1985). White et al (1988) observed 
that GSH redox cycle increases survival and detoxification of 
in hypoxia pre-exposed rats and contributes to tolerance to hyperoxia. 
Gupta et al (1986) observed a significant increase in GSH level with 
antioxidant in mice. Rotruck e t al (1972) reported that Se-glucose-
GSH system plays a dual role in the preservation of the integrity of 
the cells membrane and of haemoglobin against haemolysis and oxidative 
damage. 
Tappel (1970) has suggested that deficiency of total and free sulfhy-
dryl groups may lead to deficient degradation of lipid peroxides to hydroxy 
acids, causing accumulation of peroxides in various regions of the brain. 
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The concentration of oxidized glutathione or glutathione disulfide 
(GSSG) reported for various tissues range between li- and 50 (Tietze, 
1969). According to Kosower and Kosower (197'^) a slight increase in 
the concentration of GSSG even in the presence of a large excess of 
GSH, has ef fec ts of potential physiological importance. One potent 
physiological function of the activity of GSSG in inhibiting protein synthesis 
nnight be as a control mechanism. If the concentration of GSSG within 
the cell rises above a certain level, initiation factors are converted 
into an inactive form and the total rate of protein synthesis decreases. 
Alterations in the GSH/GSSG ratio may also be related to the enhanced 
rate of protein synthesis (Zehavi-Willner et al, 1971). 
2.5.7.2 Superoxide dismutase 
All aerobic organisms utilize ©2 and must have some mechanism 
by which they can minimize ©2 toxicity. One mechanism is the production 
of superoxide radical and its dismutation reaction, catalyzed by the 
enzyme superoxide dismutase (Harman, 1956; 1971). The superoxide 
anion is a f ree radical formed by one electron transfer to oxygen. 
O2 + e" > O*" 
Superoxide dismutase (SOD) catalyzes the dismutation between 
two moles of. superoxide anion to yield one mole of oxidized product (oxygen) 
and one mole of reduced product (hydrogen peroxide) (Klug, et al, 1972). 
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02~ + O^'' + ©2 + H2O2 
This is analogous to the dismutation of hydrogen peroxide to oxygen 
and water catalyzed by catalase. Ordinarily, electrostat ic repulsion 
between two molecules of superoxide anion linnit their approach to one 
another; SOD overcomes the barrier and greatly increases the dismutation 
rate (Fridovich, 1976; 1978). 
SOD has been demonstrated in a variety of tissues and cell types 
and appears to protect against the toxic e f fec ts of the O2 f ree radical 
and thus provides a mechanism whereby an organism can avoid possible 
deleterious e f fec t s of this radical or other f ree radicals which might 
be produced by its further reaction with cellular components (Fridovich, 
1975; McCord et al, 1971). Superoxide arises naturally in some enzymatic 
reactions (Fridovich, 1978) such as xanthine oxidase, dihydro-oratic acid 
oxidase, aldehyde oxidase, tryptophan dioxygenase or during auto-oxidation 
of tissue constituents such as reduced flavins or ascorbate or more 
dramatically during the rapid spontaneous auto-oxidation of certain neuronal 
toxins such as 6-hydroxydopamine or 6-aminodopamine (Cohen and Heikilla, 
197^ )^. Superoxide radical at neutral pH can act either as a weak oxidizing 
agent, e.g. with catecholamines, or as a strong reducing agent, e.g. 
with cytochrome C or nitroblue tetrazolium. 
Several forms of SOD have been identified since the enzyme was 
first discovered in 1969 by McCord and Fridovich. They identified the 
enzymatic activity associated with erythrocuprein, a copper-zinc protein 
of erythrocytes. The copper is associated with enzymatic activity, 
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whereas the zinc is structural. Similarly, SOD activity is associated 
with a family of copper-zinc proteins, cerebrocuprein in brain (Fried, 
1979) and hepatocuprein of liver. In mammalian tissues, a second form 
exists in which manganese is the prosthetic group (Fridovich", 1976). 
In rats and mice the Mn SOD is localized to mitochondria, whereas 
the Cu-Zu SOD is cytoplasmic. However, this distribution does not 
hold in other species. 
Fried and Mandel (1975) indicated that very high levels of activity 
are present in liver, while the adrenals, kidney and red blood cells have 
intermediate activity and lower activities were found in most other 
tissues including brain. Regional distribution studies in the rat by Thomas 
and his coworkers (1976) showed a relatively homogeneous distribution 
in brain about a two-fold range from the highest area (medulla oblongata) 
to the lowest area (cortex). Subcellular distribution studies in the rat 
(Thomas et al, 1976) showed the highest level in the cytoplasm while 
myelin has very low levels. 
Peroxidative damage has been implicated as one of the principal 
causes of age-related damage to cells (Barber and Bernheim, 1967; Hougadrrd, 
1968). Such damage is at least partially associated with the f ree radicals. 
The reduction in SOD activity as a function of age could result in an 
impaired protection against the toxic e f fec t s of O2 and thus might 
lead to serve cellular damage (Kellogg and Fridovich, 1976; Massie 
et al, 1979; Vanella et al, 1982, 1989; Benzi et al, 1988a; Tayarami 
et al, 1989). 
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Oxidative and chemical stress (Shukla "et al, 1987) inhibited SOD 
activity in various regions of the brain in growing rats. They suggested 
that stress directly and indirectly through inhibition of SOD increases 
lipid peroxidation in cell membranes and this produces damage ' to the 
associated physiological function,leading to CNS dysfunction. 
2.5.7.3 Catalase 
Catalase is another scavenging enzyme which catalyzes the break-
down of hydrogen peroxide to water and oxygen (Scott and Harrington, 
1990). 
Cata lase—^^^^^^ ^ 
It is a tetrahemin enzyme. Recent studies by Kirkman et al (1987) 
have revealed that each te t rameric molecule of human and bovine catalase 
has four molecules of tightly bound NADPH. In CNS, ^ known 
cytotoxin, is produced during amine metabolism (Tipton, 1968). Catalase 
reduces serves a protective role in brain metabolism. 
CNS catalase is largely associated with small subcellular particles termed 
as "microperoxisomes" (Hruban et al, 1972 ; Novikoff et al, 1973; McKenna 
et al, 1976). It exerts various physiological functions. A protective 
role for catalase in brain is the removal of which can induce 
damage to tissue constituents by oxidizing enzymes or membrane sulfhydryl 
groups or by initiating lipid peroxidation. This has led Gaetani et al 
(1989) to demonstrate that catalase is equally involved in the removal of 
70 
H_ O- as is GSHPx. Furthermore, at higher concentration of H O , 
the action of catalase becomes increasingly important than GSHPx (Cohen 
and Hochstein, 1963). It has been tested that catalase prevents ascorbate-
induced somatic mutation (Rosin et al, 1980), free radical-induced aldehyde 
formation in DNA (Sinha and Patterson, 1983), lipid peroxidation (Koster 
and Slee, 1980 and DNA scissions caused by H^O^ (Chilou, 1983; Yonei 
et al, 1987). The increased concentration and lipid peroxides 
levels are often associated with the decreased catalase activity (3ana 
and Choudhuri, 1982; Del Boccio et al, 1990; Vani et al, 1990). In 
many systems, catalase and SOD work together to eliminate the toxic 
precursors of f ree radicals (Fridovich, 1981). Many available reports 
indicate that SOD and catalase form a "defensive team" effect ive against 
endogeneously produced superoxide anion (O2' ) (Rowley and Halliwell, 
1983; Potmesil et al, 198^^ ; Ahmed et al, 1987). 
Bhargava and Shanker (1981) suggested that the absence of catalase 
from brain makes it more vulnerable to the higher conentration of 
ascrobi accid and the lower concentration of GSH. Catalase inhibition 
by aminotriazole increased the endogeneous brain peroxidation in frog 
while survival of the animal was not a f fec ted (Barja De Quiroga et 
al, 1990). Exogeneously added catalase prevented the H^O^ induced cell 
lysis (Schraufstalter et al, 1985) and protected the mutant cells from 
growth inhibition (Egashira et al, 1989). Higuchi et al (1985) could 
not find any adaptive change in catalase activity in the exercise-trained 
skeletal muscle of rats while catalase activity was stimulated in response 
to peroxidative damaged caused during the course of cryogenic rabbit brain 
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edema (Averet et al, 1990). An adaptive increase catalase activity 
was also observed with the increased myocardial lipid peroxide level 
during adriamycin-induced cardiotoxicity (Tanaka and Takahashi, 1990). 
Guner et al (1985) observed decreased O^ detoxification by catalase 
in human brain tumoral tissue as compared to normal. Contrarily, the 
absence of catalase activity was reported in tumor cells by Muhammed 
and Kurup (198^^). 
Age-related changes in catalase activity have been observed in 
various organisms, e.g. domestica (Sohal et al, 198^, 1985a) and 
rats (Yam et al, 1978,- Schisler and Singh, 1987). An increase of catalase 
activity occurs during growth and a decline towards senescence in Drosophila 
(Samis et al, 1981; Nickla et al, 1983). Age-related decline was also 
observed in rat lung by Yam et al (1978). Imre and 3uhasz (1988) con-
cluded that the declined adaptation capacity of ageing mice is associated 
with age-dependent diminution of catalase activity and found a decreased 
inducibility of higher catalase activity on supplementation in adult 
and aged mice. Contrarily, Vanella et al (1987) found a significant 
increase in catalase activity during ageing in hippocampus and cerebral 
.cortex in rat brain. However, no change in catalase activity was reported 
by Roy et al (1983) in rat brain, Yoshioka et al (1980) in rat lung. 
According to Ansari et al (1989) catalase activity declined with age 
in various regions of brain. The results of these studies depended largely 
on which organism was used, and which antioxidants were measured. 
It is widely held that there is a decreased capacity to deal with 
stress with increasing age. Accumulation of oxidatively modified cellular 
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components suggests that aged organisnns may be less capable of coping 
with oxidative stress. 
2 .5JA Glutathione reductase (GSSG-reductase; GSSG-R or GR) 
Glutathione reductase, a FAD dependent, heat labile enzyme catalyzes 
irreversible conversion of GSSG to GSH and accounts for very high 
GSH:GS5G ratio in the cells. The reaction takes place according to 
the following equation. 
GSSG / N A D P H + H^ ^^^^^^^ • 2GSH + NADP^ 
Glutathione reductase is reckoned to be as ubiquitous as glutathione 
and has been studied in various tissues (Ray and Prescott , 1975; Moron 
et al., 1979; Ormstad et al., 1979). This enzyme is found in the isolated 
from human platelets (Moroff and Kosow, 1978), leucocytes (Ogus and 
Tezcan, 1981) and erythrocytes (Chang et al., 1978; Krauth-Siegel et 
al., 1982). The primary and unambiguous role of glutathione reductase 
is of course, to regenerate reduced GSH that has been oxidized (i) non-
specifically by oxygen radicals or peroxides, (ii) enzymatically through 
the GSH peroxidase reaction, (iii) spontaneously or enzymatically by 
means of thiol-disulfide exchange reactions or (iv) possibly by other 
redox reactions. 
Glutathione reductase has been illustrated to be an inducible enzyme 
when rat liver cells were treated with various compounds which suggests 
that GSSG-R is of great importance to the production of cells against 
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toxic agents (Carlberg et al., 1981). The destruction of GSHPx, GSSG-
R, SOD and catalase activities was found to be the underlying cause 
of free radical damage caused by reperfusion injury of rat kidney (Okajima, 
1990). Benzi et al (1989) measured the activities of enzymes -related 
to the anti-oxidant system in different regions of brain of ageing rats. 
In general, both SOD and GSSG-R tended to decline during the last 
half of life. Santa and Machado (1986) observed that GSSG-R activity 
was maximum at 25 days a f te r birth in rats, afterwards the activity 
decreased continuously in adults but again increased during the ageing 
period, especially in female rats. Al-Turk et al. (1987) found that GSSG-
R activity and GSH content of mice lymphocytes were higher in 2 months 
and 2^ months old mice as compared to 9 months old. Stohs et al. 
(198^^) reported that GSSG-R activity and GSH content were higher 
in erythrocytes from mature and middle aged human followed by a consider-
able decline contributing to senescence and increased susceptibility to 
carcinogenesis and drugs. 
2.5.7.5 Glutathione peroxidase (GSHPx) 
Glutathione peroxidase (glutathione : was demons-
trated by Mills (1957) to be a peroxidase in red blood cells and in a 
variety of tissues. Little and O'Brien (1968) Christophersen (1969a) 
demonstrated that the enzyme would detoxify lipid peroxides by converting 
the peroxides to their corresponding monohydroxy unsaturated fat ty 
acids. The reduction takes place at the expense of donor substrate, 
GSH, which is hydrogen donor to reduce hydroperoxides to the correspond-
ing alcohols. 
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2GSH + ROOM • ROH + H^O + GSSG 
R may be H or an organic residue. These acceptor substrates connprise 
a variety of biochennically important compounds, such as unsaturated 
lipids, steroids, nucleic acids (Flohe and Gunzler, 197^^ ) and prostaglandins 
(Nugteren and Hazelhof, 1973). Thus, it plays a key role in modulating 
the GSH/GSSG ratio and indirectly a f fec ts the NADP/NADPH quotient 
of cell. 
The enzyme occurs in two forms (i) selenium dependent GSHPx 
- it catalyzes the reduction of all hydroperoxides including 
selenium independent GSHPx : it catalyzes the break-down of only organic 
hydroperoxides. 
The presence of peroxidase in various tissues and the ability of 
the enzyme to metabolize peroxides of any structure at similar rates 
has led to the suggestion that glutathione peroxidase is the main product 
within the mammalian cell from peroxidative damage (Christophersen, 
1969a, 1969b; Flohe and Zimmermann, 1970; Chow and Tappel, 1972; 
Chow et al, 1973). GSHPx has been shown to regulate multiple cellular 
functions, such as cell division (Kosower and Kosower, 1974a) pentose 
phosphate shunt (Eggleston and Krebs, 1974) and mitochondrial oxidation 
of 2-oxoacids (Sies and Moss, 1978), The role of the GSHPx in main-
taining the integrity of the erythrocyte membrane has been extensively 
studied (Valentine and Tamaka, 1972; Beutler, 1972). 
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Owing to the high concentration of polyunsaturated fa t ty acids 
to peroxidative damage GSHPx could provide a mechanism to protect 
brain tissue against this type of damage. A limited number of studies 
have been performed with brain. A species comparison of levels 6f 
GSHPx in the cytosolic fraction of brain was reported by Demarchina 
et al (197'f). The study was performed with unperfused brains may 
be subject to contamination by erythrocytes which contain much higher 
levels of enzyme. A subcellular distribution study carried out in perfused 
rats (to remove brain erythrocytes) by the same authors showed litt le 
or no enrichment when the whole homogenate was compared to mitochon-
drial membranes. The soluble protein fraction showed highest activity, 
whereas the microsomal fraction showed the lowest. 
Su et al. (1979) reported an age-related increase of GSHPx in kidney 
of mouse while blood GSHPx showed an increase only in vitamin E supple-
mented animals. Other tissues, like lung, liver, uterus and spleen, 
did not show any age-related increase in the enzyme activity. Simonetti 
et al. (1990) found the GSHPx and catalase increased with age and 
attained their highest values by adulthood or senescence respectively 
in the subendocardial region of heart . Hazelton and Lang (1985) observed 
that GSHPx and SOD showed a lower constant specific activity during 
fetal development with a post-natal increase upto adult age of isolated 
rat hepatocytes. Hydrogen peroxides inhibited GSHPx activity (Kihlstrom 
et al, 1986; Ochi, 1990 b) while Lemeshko et al. (1985) reported 
that H^O^ cumene hydroperoxide and t-butyl hydroperoxide as substrates 
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increased GSHPx activity more than 1.5 fold over the period of 1-12 
months and maintained high in months old rats. Following vigorous 
exercise, plasma lipid peroxide concentration was increased and GSHPx 
activity significantly reduced. 
Two potential development studies of GSHPx in rat the brain have 
been reported. Brannan et al (1981) used perfused rat brain and compared 
the developmental change of both GSH peroxides and GSSG reductase 
from .birth to adulthood. Prohaska and Ganther (1976) noted a sharp 
fall in brain GSHPx during the first 2 weeks, followed by return to 
original birth levels by day 30. 
2.5.7.6 Glutathione-S-transferase (GST) 
Glutathione-S-transfe'rase (GST; EC 2.5.1.18) is a non-selenium 
dependent glutathione peroxidase (Sies et al., 1979). GST was first 
identified in 1961 (Booth et al., 1961; Coombs and Stakelum, . 1961). 
The enzyme was subsequently named glutathione-S-aryl transferase. 
Later on, several other GSTs were demonstrated depending upon the 
substrate specificity. Following types of GSTs have been described 
so far -
(i) Glutathione-S-alkyI transferase, catalyzing the conjugation 
of a variety of alkylhalides with glutathione (3ohnson, 1966); 
(ii) Glutathione-S-epoxide transferase, active towards the conjugation 
of active epoxides with glutathione (Boyland and Williams, 
1965); 
(iii) Glutathione-S-alkene transferase, catalyzing the conjugation 
of unsaturated compounds with glutathione. 
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These enzymes are aTfff55feL-ubi^«1t?us i n nature, and GST activity 
has been identified in man, non-human primates, rats, mouse, hamster, 
guinea pig, chicken, cow, sheep, trout and shark (Mannervik, 1985). 
The concentration of GST is, in general, high in mammals (upto 10% 
of cytosolic proteins in some organs), in other species (shark) the level 
of activity is quite low (Sugiyama et al., 1981). In addition, it is generally 
present in most mammalian organs. 
The GSTs are a family of multifunctional proteins that function 
both as important enzymes of detoxification and intracellular binding 
proteins (Boyer, 1989). As enzymes, they catalyze the reaction between 
nucleophil reduced GSH and . large number of electrophilic compounds 
such as polycyclic aromatic hydrocarbons, aromatic amines, azodyes, 
alkylating agents, carcinogens and neurotoxins (Boyland and Chasseaud, 
1969; Habig et al., 197^^ ; Jakoby, 1978; Chasseaud, 1979). They also 
bind a number of amphipathic compounds that they do not metabolize 
(non-substrate ligands) and have been suggested to act as intracellular 
transport proteins for compounds that have limited solubility in water 
(Levi et al., 1969). Additionally, a number of endogeneous compounds, 
including prostaglandins, leucotrienes, organic hydroperoxides (including 
lipid hydroperoxides and products of lipid peroxidation) and steroids 
act as substrate for GST (Mannervik, 1985; 3akoby, 1978; Chasseaud, 
1979; Kaplowitz, 1980). However, it is important to note that hydrogen 
peroxide is not a substrate for GST (Lawrence and Burk, 1976). 
Two types of products are produced by GST-catalyzed reactions 
(Douglas, 1987). In one type of reaction, a stable glutathione conjugate 
78 
is formed by the nucleophilic at tack of GSH on an electrophilic center . 
These types of reactions occur with substrates such as epoxides (metabolites 
of benzo (a) pyrine and aflatoxin A) alkyl and amyl halides (sulfobromo-
phthalein) and reactions with reactive products of P-^50-catalyzed reactions 
(acetaminophen), to name just a few. 
R - X + GSH • R - SG + XH (i) 
where X is a leaving group. 
In the second type of reaction, a reduced substrate and glutathione 
disulfide (GSSG) are formed. In this second type of reaction, an unstable 
R - GS intermediate is the enzymatic product (Eq. ii) which is attached 
nonenzymatically by a second molecule of GSH, yielding the final product 
and GSSG (Eq. iii). Examples of substrates for this second type of reaction 
are organic nitrates and organic hydroperoxidse. 
R - X + GSH = R- SG + XH (ii) 
R - SG + GSH = RH •»• GSSG . . . . (ill) 
Some forms (largely alpha class enzymes) also are steroid isomerases 
and GSH serves as a coenzyme rather than a substrate in this latter type 
of reaction (Douglas, 1987). 
Many of the reactions catalyzed by the GST will occur in the 
absence of the enzyme. GSH is present in high concentration in nnany 
tissues and the relative importance of the catalysed vs. t he nonenzymatic 
reaction in preventing cell injury is, as yet, unclear. 
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2.5.8. Monoamine Oxidase (MAO) 
Monoamine oxidase is a flavin-containing enzyme located on the 
outer membrane of the mitochondria (Costa and Sandler, 1972). Oxidative 
deamination of primary monoamines by the mitochondrial enzyme monoamine 
oxidase (MAO, EC ]A.3A) produces NH^, aldehydes and 
with established or potential toxicity (Cooper e t al., 1978; Benedetti 
and Dostert, 1989). The following reactions are catalyed by MAO: 
RCH^CH^NH^ + + H2O • RCH2CHO + H^O^ + NH^ 
MAO is one of the major mammalian neuronal enzymes. It is active 
in both neurons and glial cells in the brain. MAO plays a strategic role 
in inactivating catecholamines that are f ree within the nerve terminals 
and not protected by the storage vesicles (Coyle and Snyder, 1981). 
when monoamines leak from the synaptic vesicles, MAO acts within 
the nerve fibre itself. The enzyme serves to oxidize some of the 5-
HT, DA and NE af te r their release into the synaptic space in the nervous 
system, thus terminating their action. The concept of two functionally 
distinct forms of MAO has gained wide acceptance (Johnston, 1968; 
Houslay et al., 1976; Leung et al., 1981). Type A deaminates neurotrans-
mitter amines such as 5-hydroxytryptamine (5-HT) and noradrenaline 
(NA) and is inhibited specifically by glergyline [N-methyl-N-propargyl-
3- (2,'f, dichlorophenoxyl) propylamine], whereas type B oxidizes benzylamine 
and ^ phenylethylamine and is preferentially inhibited by deprenyl 
phenylisopropylmethylpropinylamine (Tipton and Delia Corte, 1979). Both 
forms deaminate substrates such as tyramine and tryptamine (Houslay 
et al., 1976). 
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The MAO-B activity increases in human brain in ageing , (Robinson 
et al., 1972), while the MAO-A activity either increases (Shih, 1979) 
or remains unchanged (Fowler et al., 1980). In old rats, MAO-A activity 
was decreased significantly in all the regions studied except in the"* cere-
bellum, where it was unchanged. On the other hand, MAO-B activity 
increased in all the areas studied except in the brain stem, where it 
decreased (Leung et al., 1981; Danh et al., 198^). Thus the regional changes 
in MAO-B activity were not dependent on those in MAO-A activity. 
This suggests that the mechanisms which alter the activities of the two 
forms are not related with each other. Any change in the usual amine 
concentration will disturb their activities and results in convulsive seizures 
(Kilian and Frey, 1973). Hence, it is likely that ageing and stress may 
also influence the monoamine concentration in the brain and might also 
be acting through this mechanism in producing central toxic e f fec ts . 
2.5.9. Nucleic Acids and Nucleases 
In the Central Nervous System (CNS), nucleic acids are characterized 
by their size, composition and role in protein synthesis. In the brain the 
nucleic acids (DNA and RNA) provide for the storage and transmission 
of genetic information as well as translation of this information leading 
to the synthesis of cellular proteins (White et al., 1978). 
A knowledge of DNA helps in understanding the tissue components 
such as average cell densities, dry weight/average cell and total number 
of cells in each brain area (May and Grenell, 1959). Since the majority 
of cells in brain are diploid, there is generally a fixed quantity of DNA 
per cell (Heller and Elliott, 195^ )^. The amount of DNA in white matter 
81 
approximately equals that in the cortex, and regional differences in 
the amount of brain DNA are relatively small (Bodian and Dziewiatkowski, 
1950; Logan et al., 1952; Elliott and Heller, 1957). However, only cerebellum 
shows exceptionally high amounts of DNA (Mihailovic et al., 1958; Palladin, 
1955; Grenell, 1958; May and Grenell, 1959). 
DNA seems particularly plausible as a critical target in ageing 
because of the central role of DNA in information transfer between 
generations of somatic cells. Burger (1957) found parallel changes of 
DNA in brain with age. The low point for DNA is in the third decade, 
the time at which the brain reaches its greatest weight. From then 
on, DNA increases so that in the group of patients 30-90 years of age 
it is higher than at any other time in the life-span. As the dry weight 
of the brain decreases steadily from the third decads of life through 
the ninth, it is important to estimate if this apparent increase is a 
real one in terms of the total amount of DNA present in the brain 
To answer this question, the weight in grams of dry matter on the 
basis of the average size brain for each decade of life was calculated. 
On this basis it was found that the total amount of DNA was increasing 
in the brain. The data suggested that in the ageing brain, although there 
was loss of protein and lipid, there might be at the same time an increase 
in DNA which might be imputed in part to a proliferation of the glial 
elements. Burger (1957) suggested that the increase in DNA in old age 
is due to two factors: an increase in pyknosis of the neurons and growth 
of glial elements. These data from Burger add to those of Hyden (1955) 
who found a decrease in DNA in the cytoplasm of brain cells from aged 
animals. 
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An enzyme called deoxiribonuclease breaks down DNA. In infant 
as well as adult rat brains an acid and an alkaline DNase have been 
identified (Sung, 1968). Out of the two enzynnes, alkaline DNase shows 
a strong preference for denatured DNA, while the acid DNase prefers 
native DNA. In the senescent rat brain, DNase activity was found to 
be twice as high as that in young adult rat brain (Asano et al., 1979). 
With regard to cellular localization, neuronal nuclei prepared from young 
and adult rat brain have been shown to have a higher DNase activity 
than glial nuclei (Stambolova, 1973). From our laboratory, Tayyaba 
et al. (1981) reported that there was a remarkable decrease in the DNA 
level in all the brain regions studied af ter 'metasystox', (an organophosphate 
pesticide) toxicosis. On the other hand, the activity of DNase was 
found to be increased. 
Study of R NA is very helpful in knowing the rate of protein synthesis 
and also in understanding the functional status of the nervous tissue 
(Bergen et al., 1974). The amount of RNA in gray matter usually exceeds 
that in white matter (Bodian and Dziewiatkowski, 1950; Logan et al., 
1952; Mihailovic et al., 1958). RNA is highly concentrated in the nucleolus 
and in the Nissl substance of the cytoplasm of nerve cells (Caspersson, 
1936, 19'^0; Lands trom et al., 19'Jl). The RNA concentration has also 
shown variations within different brain regions, the highest concentration 
being in cerebellum, hypothalamus and cerebral cortex and the lowest 
in medulla (May and Grenell, 1959). Several investigators have observed 
that there is a proportionality between RNA content and the surface 
area of the cell body. The perikarya contain more RNA than axons. 
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In vertebrates, extracellular RNase is secreted by the pancreas and 
salivary glands (Ellepn and Colter, 1961). The usual function of RNase 
is, obviously, to break-down RNA. 
The contention that nerve cells are lost with age is common, 
although reliable data showing that ageing is always associated with 
cell loss are difficult to find. Col en (1972), in a study of human brain, 
found a loss of neurons at the age of years, which in itself would 
lead to a loss of RNA. 
Hyden (196^) analysed the anterior motor horn cell from human 
spinal cord with the single-cell technique of Edstrom and found an average 
of 670 pg in 40 to 50 years old men and only pg in 60 to 70 years 
old men. Mann et al. (1977) measured RNA absorption at 260 nm in 
the brain of 82 persons of age range 2-91 years. They found a decrease 
of only about 15% in the neurons of the hippocampus and the dentate 
nucleus at the age of 90 years. The olivary neurons, however, showed 
a loss of RNA of about 60%. The nucleolar volume showed a reduction 
of similar magnitude. Lipofuscin pigment increased in a reverse proportion, 
a finding for which they had no explanation. Thus, it might be stated 
that although RNA content decreases with age in most areas, this decrease 
is by no means synchronous in all regions of the brain. 
The brain and nervous tissue contain several RNases distinguished 
by different pH optima and present in free or latent form (Koenig et 
al., 196^ ;^ Ghosh and Ghosh, 1969; Takahashi et al., 1970; Guroff and 
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Brodsky, 1971; Franzoni and Garcia-Argiz, 1978; Ittel and Mandel, 1979; 
Bates et al., 1985). These RNases are thought to be involved in regulating 
either the processing or the cellular annount of RNA. It seemed interesting, 
therefore, to deternnine whether the RNase activities in some CNS regions 
of the rat are a f fec ted by ageing. Decreased cellular RNA content , 
a consequence of neuronal death in the senescent brain, is a phenomenon 
which, inter alia is associated with the ageing process (Von Hahn, 
1981). The level of the inhibitor factor of alkaline RNase has been 
shown to decrease with age of the animal in various tissues of the 
rat , such as blood lymphocytes, liver, thymus, and lymph nodes, although 
total RNase activity was found to be higher, especially in the lymphoid 
organs of older animals (Kraft and Shortman, 1970a,b). The activity 
of liver acid RNase increased slightly in aged mouse, although it remained 
almost unchanged in hamster and guinea pig (Goto et al., 1969). No 
age-related changes in f ree alkaline RNase activity of postmitochondrial 
supernatant of rat forebrain have been reported (Dwyer e t al., 1980); 
however, a sharp decrease of the same enyzme activity in the whole 
brain of old rats has also been found (Ekstrom et al., 1980). 
2.5.10. Protein 
Protein is one of the important biochemical components of the 
brain in vertebrates. It constitutes of the dry weight of the whole 
brain and 8%of the weight of whole fresh brain (iMcJlwain and Bachelard, 
1971). The gray mat ter contains larger amount of protein than the white 
matter . This di f ference probably a f f ec t s the large volume of tissue 
occupied by myelin sheaths in white mat te r . Proteins are present in 
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the brain in steady-state. There is a high rate of nnetabolic activity 
in the brain. this view is Vi-ell-correiated with the presence of large 
amount of cytoplasmic ribosomes which provide large number of sites 
for protein synthesis (Mcllwain and Bachelard, 1971). Any change in 
protein concentration may influence the metabolic rate of tissue. It 
requires rapid synthesis and renewal of protein. According to Hyden 
and Lange (1972) increased neuronal activity decreases or inhibits the 
synthesis of protein. Proteins extensively mediate the specific neuronal 
functions, such as conduction of action potentials and synaptic transmission 
(Bock, 1978). 
A number of brain specific proteins have been detected by their 
antigenicity and their developmental changes have been studied (Bock, 
1977; Jaque et al., 1976). Age-related declines in the rates of protein 
synthesis are widely described in brain and other rodent organs (Dwyer 
et al., 1980; Rothstein, 1982; Richardson et al., 1987). In mouse brain, 
the concentration, which is very low until day 7, increases rapidly to 
the adult level by day 23. The antigen is primarily in gray matter , 
and its pattern of increase correlates with synaptogenesis (Acton and 
Pfeif fer , 1978). Glial fibrillary acidic protein (GEAP), localized in astroglial 
processes (Bignami and Dahl, 197^), shows a peak concentration at 10 
to I'f days in mouse brain, reflecting astroglial differentiaticm to the time 
of myelination (3aque et al., 1976). Changes in the protein composition 
of isolated myelin fraction have been demonstrated with increasing propor-
tions of basic and proteo-lipid proteins relative to proteins of higher 
molecular weight. 
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There is general agreement that rates of ribosonnal-directed protein 
synthesis decrease with the maturation of neural tissue, but the factors 
responsible for the decline in activity have not been defined (Oja, 1973). 
Some investigators have found that ribosomal activity measured 'in 
vitro' decreases with maturation, whereas others have not. Parhaps the 
discrepancies are caused by variations in methods of ribosome preparation 
in the source of mRNA, or in incubation for measurement of protein 
synthesis. No major structural differences have been detected in brain 
ribosomes for young as compared to old animals. Possible control 
mechanisms under investigation include levels of specific mRNAs, which 
may be the single most important influence for regulation. Changes 
occur in soluble factors, capacity of ribosomes to bind these factors, and 
chemical modification of ribosomal proteins, for example, by phosphorylation. 
In addition to decreasing rates of protein synthesis with development, 
the average half lives of protein become greater, indicating decreasing 
rates of breakdown. The activity of brain proteinases which increase 
just af ter birth, decreases with maturation, in parallel with the increasing 
half-life (Marks and Lajtha, 1970). 
2.5.11. Cortisol 
Cortisol is a corticosteroid hormone, which is secreted from the 
adrenal cortex. The hormones of the pituitary-adrenocortical axis are 
involved in the regulation of functions of the central nervous system 
(Holsboerm, 1989). They not only coordinate the neuroendocrine processes 
to stress itself, but also a f fec t psycho-physiological processes. In 1936, 
Selye observed that diverse noxious agents cause an enlargement of 
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the adrenal cortex as a consequence of the "stress sydrome". Yates 
and Maran (197^^) reported that a variety of stressful events cause a 
release of ACTH fronn the anterior pituitary. The secreted 
ACTH stimulates the synthesis of corticosteroids in the adrenal cortex. 
The elevated corticosteroid levels in plasma then inhibit the further 
release of ACTH from the pituitary. In a series of elegant experiments, 
Harris demonstrated that the release of ACTH from the pituitary 
is regulated by a corticotropin-releasing factor (CRF) from the hypo-
thalamus. The CRF is synthesized in the hypothalamus. The CRF synthesized 
in the hypothalamus reaches the pituitary by a private portal blood 
supply. It then stimulates the secretion of ACTH from the pituitary 
(Fig.2.9)After a long period of intensive investigations, CRF was isolated 
and purified, and its structure was characterized as a amino acid 
peptide by Vale and co-workers (1981). CRF was thought to be the 
major, if not the sole means, of releasing ACTH from the pituitary. 
ACTH can also be released and regulated by catecholamines and other 
hormones (Axelrod and Reisine, 198^). 
There have been a number of investigatipns using Cortisol to assess 
the reaction of the pituitary-adrenocortical axis under various conditions. 
Lundberg and Frankenhauesr (1980) found Cortisol levels increased 
in situations which were accompanied by boredom, impat ience and tiredness 
(vigilance task). In situations characterized by a high controllability 
and predictability (self-placed RT-task), Lehmann et al. (1992) reported 
an adrenocortical suppression. Furthermore, there is increasing evidence 
that Cortisol modulates brain function in humans. This principal endogeneous 
glucocorticoid in humans increases slow-wave sleep and decreases rapid-
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eye-movement sleep (Born,et a]., 1991). There is some evidence that heart 
r a t e changes are accompanied by Cortisol changes dependent on personality. 
Furthermore, an increasing heart rate is related to increasing difficulty 
of a task (Eason and Dudley, 1971; Carroll et al., 1986). 
2.6 Lacunae in knowledge: 
A critical survey of the literature revealed that: 
i) Lipids are essential components of all cellular structures in 
the brain and the level of lipids is altered during ageing as 
well as stress. Regional studies of lipids in the CNS are 
relatively limited in number. The e f fec t of restraint stress 
on lipids of the various regions of the brain is unclear. 
ii) Lipid peroxidation is one of the major causes of ageing. It 
is a free-radical-mediated chain reaction. During stress, reactive 
oxygen species are readily generated. No study could be traced 
, where the ef fec t of restraint stress on the products of lipid 
peroxidation, such as lipid peroxides, lipid hydroperoxides, 
conjugated diens and lipofuscin was studied. 
iii) Reactive oxygen species or oxygen-centered radicals damage 
the cell . A precise nature of oxygen radicals produced in 
the CNS was by no means clear. The presence of diffusible 
antioxidants provides protection against f ree radicals. Glutathione 
is essential for the protection of cell and protective enzymes 
such as SOD, CAT, GR, GSHPx and GST, are responsible for 
defense against free radical induced damage. There was no 
study traceable to evaluate the e f fec t of stress on these enzymes 
in the aged rats. 
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iv) Effect of passage of time on the levels of monoamine oxidase 
(MAO) has been studied. However, investigations related to 
the e f fec t of restraint stress on the MAO are lacking. 
v) Studies have been conducted to see the e f fec t of senescence 
on the nucleic acids (DNA and RNA) and nucleases (DNase 
and RNase). DNA is central to genome and RNA is responsible 
for protein synthesis. However, the e f fec t of restraint stress 
on regional distribution of nucleic acids and nucleases was 
not studied in aged rats. 
vi) Protein is one of the major constituents of the cellular organelles 
and biomembranes. Protein damage and an increased role 
of intracellular proteolysis in aged animals have been subject 
of critical study. However, we could not find any such study 
where the e f fec t of restraint stress m i g h t h a v e been studied 
in aged rats. 
vii) Cortisol is one of the "markers" for stress. During stress 
Cortisol level is highly affected. However, information on 
the ef fect of restraint stress on Cortisol level in aged rats 
was not available in the literature. 
viii) N-acetylhomocysteine thiolactone (citiolone) is a -SH group 
donor drug. The e f fec t of citiolone on various regions of 
CNS in aged animals following restraint stress was not studied 
to date. 
ix) Scanty studies have been undertaken to characterize the structure 
and function of various cellular organelles whose morphology 
might be altered during ageing and chemical stress. Also 
there was no information available on the e f fec t of restraint 
stress on the alterations in morphology and ultrastructure 
of cellular components following restraint stress. 
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2.7 The Scope of the Present Study 
Industrialization and urbanization are the result of advancement 
in various fields of science and technology, but they create many health 
hazards and diseases. Simultaneously, great progress was made in medical 
sciences which increased the life expectancy. With the success of the 
family welfare programme in India, the percentage of aged individuals 
is gradually increasing in the families with the limitation in the number 
of children. The process of ageing is multifactorial and it involves 
componently from biomolecules to the whole organisms, the environment 
and the society as a whole. The environmental stress is the scourage 
of the present civilization and man has to pay for his progress. Various 
types of stressors are known - physiological, biological, chemical, psychologic 
-al, economical e tc . With the passage of time, restriction of activity 
of the aged individuals occurs. This can be simulated by experimental 
restraint stress for the purpose of studying the stress alterations in 
various regions of brain of the experimental animals. The existing knowledge 
in relation to human health, as far as ageing is concerned, is mostly 
based on observational study, as experimental studies are very difficult 
to perform on human beings. However, it is an established fac t that 
human beings undergo certain specific structural and functional changes 
with the passage of time and certain diseases, for example, certain 
cancers, chronic and degenerative diseases e tc . are known to occur 
more in elderly population. 
It is known that stress of any type is liable to affect adversely 
the health of individuals physiologically, anatomically, and behaviorally. 
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As physical activity generally tends to decrease in the elderly, either 
as a cause or e f fec t of ageing phenomenon, it will be interesting to 
know whether or not immobilization produces any change in the various 
regions of brain. Immobilization is a type of stress. In younger generation 
also, stress may cause various types of diseases. 
Since brain is the source of the events which finally govern the 
behaviour of an organism, any impaired activity or ability of various 
nerve cells to function normally may stem from stress. There may 
be biophysical, biochemical and/or anatomical lesions in a particular 
part of the nervous system. Such changes in the structure and chemical 
composition of brain regions will manifest merely as signs of damage. 
This, in turn, would help to understand organisms' adaptive processes 
for maintaining behavioural,autonomic, endocrine, and metabolic responses 
to preserve homeostasis. A study of the stress-induced alterations in 
the brain will constitute one of the most exciting facets in intensive 
multi-disciplinary stress researh. Regional biochemical and morphological 
alterations will provide useful information. Furthermore, stress studies 
by accelerating changes normally occurring in the organism with the 
passage of time (ageing), will facil i tate better insight into the understanding 
of the otherwise slow and subtle changes occurring due to wear and tear. 
The understanding of "brain mechanisms" will faci l i tate a mqre rational 
therapy of not only neurological and psychiatric disorders but also disorders 
of various organ systems controlled by the brain. However, despite 
some notable progress in understanding of the "brain mechanisms", the 
field is still wide open for an integrative frame-work which can explain 
the majority of research results in a logical and theoretical manner. 
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It must however, be borne in mind that the brain is constructed in 
such a complex manner that analysis of whole brain, or large samples 
there of, may give little indication of the special function and metabolism 
of its different regions. 
Keeping in view the limited information on the subject under discussion, 
our study is likely to open up new vistas regarding the comparative 
e f fec t s of ageing, stress and antioxidant, N-acetylhomocysteine thiolactone 
(citiolone) on neurochemical and neurohistological mechanisms in different 
brain regions of the rat . 
MATERIALS 
AND 
METHODS 
3k 
3.1. Procurement and Maintenance of Animals: 
Healthy male albino rats, Charles Foster strain, obtained from 
the animal colony of Central Drug Research Institute, Lucknow, U.P. 
(India) were used in the present study. They were divided into five 
groups. 
Group I : 3 months old rats, weighing 160 ± 20 gm. 
Group II : 6 months old rats, weighing 280 + 20 gm. 
Group III: 12 months old rats, weighing 450 + 20 gm. 
Group I.V: 18 months old rats, weighing UBO ± 20 gm. 
Group V : 24 months old rats, weighing 480 + 20 gm. 
Female rats were excluded from the study because of their cyclic hormonal 
variations. 
They were kept on pellet diet (Hindustan Lever Ltd., India) measuring 
upto the nutritional standards recommended by the U.S. National Research 
Council Publication No. 990, titled "Nutritional Requirements of Laboratory 
Animals". The animals were acclimatized for about two weeks af te r 
being transferred from their colonies to the working laboratory. They 
were housed singly in plastic cages, placed in a room maintained at 
23° ± 1 °C. The animal room and cages were cleaned daily to keep 
them dust free. Light - dark cycle (photoperiod) was controlled between 
8 A.M. to 8 P.M. with hygienic and sanitary conditions adequately main-
tained. The rats showing signs of disease were removed immediately 
a f te r identification. 
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3.2 Chemicals; 
All the chemicals used in this study were of analytical reagent 
grade. The chemicals were obtained from Sigma Chemicals Co. (St. 
Louis, MO, U.S.A.); Aldrich Chemical Company, U.S.A.; B.D.H. Chemicals 
Ltd.; Poole, England; E. Merck, Munich, Germany; and Sisco Research 
Laboratories, Bombay, India. 
3.3 Stress and Drug used; 
3.3.1 Restraint stress; 
The rats were individually taken out from their cages and kept 
under restraint stress according to the method of Hasan (1985) in a 
specially designed cage (Fig. 3.1) in such a way that they remained 
in the specific position continuously for hours. 
3.3.2 Drug; 
In this study the drug used was citiolone (DL-N-Acetylhomo-
cysteine thiolactone) which was purchased from Aldrich Chemical Co., 
U.S.A. 
Experimental Procedures; 
For biochemical estimations, rats were divided into four groups. 
The first group comprised of those rats in different age groups (3, 6, 
12, 18 and months old) which were kept under restraint stress for 
2k hours (Fig. 3.1). The second group served as 'Control' and was main-
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tained in plastic cages. The third and fourth groups were used in studies 
related to the protective e f fec t s of citiolone against the restraint stress 
induced changes^ Animals of the third group received citiolone (8,0 mg/Kg 
body weight, i.p.) alone for seven days, while the fourth group was 
administered citiolone • vintraperitoneally for seven days and restraint 
stress for hours continuously prior to sacrifice of the animals. Control 
group received equal volume of physiological saline rintFaperitoneally 
concurrently. The solution of citiolone was prepared by dissolving 80 mg 
commercial citiolone (99%) in 10 ml physiological saline. The dose 
of citiolone (8.0 mg/Kg body weight) was chosen according to the reco-
mmendation of Totaro e t al. (1985). 
Histochemical and histological (light and electron microscopic) 
studies were done in first two groups only, i.e. the rats which were 
given restraint stress only and the rats of control group. Six rats were 
included in each group. 
3.5 Procedure for Killing the Animals; 
For biochemical and most of the histochemical studies, where 
perfusion of the rat brain was not required, the animals were killed 
by cervical dislocation - one of the most acceptable methods of euthanasia. 
On the other hand, for histological (light and transmission electron micro-
scopic) and some histochemical methods, the rats were anaesthetized 
and their brains were 'fixed' in 'in vivo' by perfusion technique. 
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3.5.1 Cervical Dislocation: 
The control as well as experimental rats were grasped at their neck 
near the base of skull, with the thumb and forefinger of one hand, 
and hindlimbs and tail with the other. A swift but controlled 'motion 
separated the cervical vertebrae from the base of skull. This resulted 
in instantaneous loss of consciousness and loss of all vital signs within 
a few minutes. 
3.5.2 Perfusion Fixation Technique: 
The animals were anaesthetized by intraperitoneal injection of 
nembutol sodium (30 mg/Kg body weight) and laid on their back with 
the limbs taped to the table. The thorax of the anaesthetized animals 
was opened by an incision starting at the base of xiphoid proce.-s and 
extending along the median line of the sternum to the jugular notch 
avoiding the internal thoracic artery thai luns close to the sternum. 
The bpeniiig of the thorax was widened by cutting jymineti ically along 
an intercostal space on each side, starting fiom xiphoid process, the 
flaps of th>. thoracic wall formed this way were clamped and rolled 
upwards. An 18 guage needle was insert'id into ascer.din,j ^.orta through 
the left ventricle. The right airium was opened by scissors to permit 
drainage and the perfusion started at a pressure of approximately 120-l<f0 
torr The first perfusate was physiological saline solution \ ' i th the 
aim of flushing out the blood. The second perfusi.^n solution was the 
fixative, and this followed immediately the flushing rinse. The fixative 
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used for light microscopy was !0% neutral buffered formaline and that 
for electron microscopy Karnovsky's fixative. Criteria for a successful 
perfusion was (i) the drainage of the clear rinsing solution from the 
right atrium and (ii) a change in colour of the liver which quickly became 
stippled white during administration of the fixative fluid. Perfusion 
was stopped when clear fixative drops oozed from an incision on the 
lip of the animal. 
3.6 Exposure of the Brain and iLs Removal; 
The head of rats (killed by either cervical dislocation or perfusion 
method) was skinned. The skeletal coverings over the skull were removed 
with the use of a small pair of bone forceps, scalpel, scissors and nail 
clippers. Great care was taken to avoid any laceration of brain tissue. 
After exposing the brain surface from the top and sides, it was gently 
detached from the base of skull and removed. 
3.7 Dissection of Different P?rtr of ihe Rat 'n; 
As the parts of the la t brain for biochemical, histochemical and 
histological studies differed, separate account of dissection for each 
study is given. 
3.7.1 For Ciochemical Studies: 
For all biochemical investigations, fresh unfixed brain was used. 
The brain and spinal cord were removed rapidly from individual rat 
and dissected out on an ice plate. The blood clots adhering to the brain 
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were removed by washing with the cold normal saline. Thereaf ter , 
the hypothalamus, hippocampus, rest of cerebrum, cerebellum, brain 
stem and spinal cord were rapidly dissected out and weighed to the 
nearest milligram on an electrical balance (Fig. 3.2). Some of the brain 
components, like hippocampus, hypothalamus and cerebellum were pooled 
and used for biochemical analysis-
3.7.2 For Histochemical studies: 
Brain was either fresh and unfixed or perfused with 10% neutral 
buffered formalin for histochemical studies. In case the brain was fresh 
and unfixed, a f te r being dissected out from the skull, it was quickly 
placed over a glass plate which had already been cooled over ice-cubes. 
A few minutes later when the whole brain was hardened, its parts were 
divided into cerebral hemisphere and cerebellum. On the other hand, 
when the brain was perfused, it was kept in perfusion mixture in a 
petridish and the part's were dissected out. 
3.7.3 For Histological studies: 
For histological (light and transmission electron microscopic) studies, 
the brain was fixed by perfusion ^ vivo'. For light microscopic purpose, 
a f te r dissecting f ree the cerebellum, the brain was kept on a f la t surface 
with its medial surface facing up. Incisions along the lines AA, EE, 
FF, and CC (Fig. 3.3a) were made so as to obtain between these lines, 
coronal slices of anterior, middle and posterior hypothalamus, respectively. 
For light microscopy, the coronal slices were processed as for histological 
purposes. 
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For each slice, an area marked inside the rectangles (Fig. dotted 
lines) was trinnmed for electron microscopy. From the slice comprising 
middle hypothalamus (between lines EE and FF, Fig. 3.3a) pieces of 
brain, taken from the areas inside the rectangles, were selected for 
electron microscopy. The area inside the rectangle around the third 
ventricle (Fig. 3.3b), from each coronal slice, was selected for hypothalamus. 
Furthermore, pieces of cerebellum, for electron microscopy, were obtained 
from the part of cerebellar hemisphere on the side of declive (Fig. 3.3c) 
in control as well as stressed rats. 
3.8 Biochemical Studies; 
3.8.1 Tissue prep>aration: 
Ten per cent (w/v) homogenate of different brain regions were 
prepared with the aid of York's homogenizer f i t ted with Teflon plunger 
in different solutions of chloroform-methanol (2:1), KCl (0.15M) and 
potassium phosphate buffer (0.05M, pH 7.0) as per our requirement. 
The whole homogenate was first centrifuged at 2500 x g for 
10 minutes in a refrigerated centrifuge (Remi C-2k). The pellet consisting 
of a nuclear fraction and cell debris was discarded. The supernatant 
was further centrifuged a t 11,000 x g for 15 minutes and mitochondrial 
fraction was separated. The clear supernatant was further centrifuged 
at 105,000 X g for 90 minutes and the resultant supernatant was used 
for the enzyme activities. 
3.8.2 Extraction and purification of lipids: 
Lipids from brain regions were extracted and purified immediately 
a f te r dissection of the animals by the method of Folch et al. (1957). 
This method was partially modified in our laboratory (Islam et al., 1980) 
for isolation of lipids from discrete areas of the brain. Different parts 
of the brain were weighed and homogenized (10% w/v) in a glass homo-
genizer to a final volume of 6 ml chloroform-methanol mixture (2:1, 
v/v). Each homogenate was shaken periodically for an hour and filtered 
through sintered glass funnel (G-'f) under vacuum. The residue of each 
test tube was again homogenized with 2 ml chloroform-methanol mixture 
and filtered. The resultant residue was washed several times with the 
solvent mixture to ensure the complete extraction of lipids. The final 
volume of each extract was made upto 10 ml with chloroform-methanol 
mixture in a graduated test tube. Thereafter , 2.5 ml of 0.9% NaCl 
was added to the extract in each test tube. This was shaken vigorously 
on test tube mixer for the complete mixing and placed at -20°C iri 
a deep freeze overnight for complete separation of the two layers. 
The junction of the layers of each test tube was marked. The upper 
aqueous layer was taken out with a pasteur pipette without disturbing 
the interfacial f luff . This upper layer was used for the estimation 
of gangliosides. 
The lower lipid layer was made homogeneous by adding required 
amount of methanol to make the final volume to 10 ml and transferred 
to round bottom flask and dried under vacuum at i4-0°C. In order to 
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remove proteins, the residue was dissolved in chloroform-methanol-water 
mixture v/v) and evaporated to dryness. The contents were 
suspended in chloroform-methanol (2:1 v/v) mixture and evaporated to 
dryness. This process was repeated again and again until the complete 
moisture was removed from lipids. The lipids were then suspended 
in chloroform, filtered f ree of any protein, and the f i l t ra te dried under 
vacuum at 40°C. The dried lipids were made to a known volume with 
chloroform and stored at -20°C till further use. This extract was used 
for the estimation of total lipids, phospholipids, triglycerides and cholesterol. 
3.8.3 Estimation of total lipids: 
Total lipids were estimated according to the method of Woodman 
and Price (1972). 
Principle: Colour was developed with the help of colouring reagent 
(phospho-vanillin) in the presence of sulphuric acid (H2S0^) and absorbance 
was read at nm. The details of the reaction are given in Fig. 3A. 
Sulphuric acid acts upon the double bonds on lipids to produce carbonium 
ion which simultaneously reacts with phosphate ester of vanillin to form 
a coloured complex with an absorption maxima at nm. 
3.8.3.1 Reagents 
(i) Standard solution 
A standard solution of 0.5 mg brain lipid/ml in chloroform-
methanol mixture (2:1 v/v) was prepared by diluting 1.0 ml of refrigerated 
stock solution (50 mg brain lipid/10 ml) in chloroform-methanol mixture 
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in a 10 ml volumetric flask and the volume was made upto the mark 
with chloroform-methanol mixture. 
(ii) Concentrated sulphuric acid (A.R.) 
(iii) Colouring reagent 
6.0 g potassium dihydrogen orthophosphate (KH2PO^) and 0.39 g 
vanillin were dissolved by heating in double distilled water and made 
up the volume to 100 ml in a volumetric flask. 
(iv) Brain lipids 
Lipids were isolated from the rat brain by the technique as 
described in the extraction and purification of lipids. 
3.8.3.2 Procedure 
0.1 ml of brain extract in duplicate was taken in 18 x 150 mm 
corning test tubes. 2.5 ml conc. sulphuric acid was added to each test 
tube and heated on boiling water bath for 20 minutes. After cooling 
5.0 ml of colouring reagent was added and absorption was read at 5W 
nm exactly a f te r 10 minutes in DU-6 Beckman Spectrophotometer against 
a reagent blank. A calibration curve with absorbance and different 
concentrations (100-600 /eg) of standard brain lipids was prepared by 
adopting the same procedure as described above. The values of the 
standard curve were plotted by least square method. The absorbance 
of total lipids in brain samples were compared with standard curve 
and finally calculated by the following formula. 
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3-8.3.3 Calculation 
C X V 
^ V ^ x W ^ Total lipids (mg/g fresh weight) 
where, 
C = Concentration of lipids in jttg in 0.1 ml extract 
V = Total volume of the total lipid extract 
V^ = Volume taken for the estimation, and 
W = Fresh weight of the tissue in mg. 
3.8.4 Estimation of phospholipids: 
Total phospholipids were calculated by estimating phosphorous following 
the method of Fiske and Subba Rao (1925) as modified by Marinetti 
(1962). 
Principle: Organic phosphorous of phospholipids was converted to inorganic 
phosphorous by digesting the lipids with perchloric acid. When acid 
hydrolysate is treated with molybdate, it forms phosphomolybdic acid 
with inorganic phosphorous. Thus phosphomolybdic acid is reduced by 
the addition of 1,2,'^-aminonaphthal sulphonic acid (ANSA) reagent to 
produce a blue coloured complex. The intensity of the blue colour 
which is proportional to the amount of inorganic phosphorous present, 
was read at 700 nm. Inorganic phosphate content was multiplied by 
25 to convert into a lecithin equivalent to organic phospholipid. 
3.8.'^.! Reagents 
(i) Standard solution 
A standard solution of 0.01 mg inorganic phosphate/ml was 
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prepared by diluting 5.0 ml of refrigerated stock solution (0.'f39 g KH2PO^/ 
500 ml DDW) in a volumetric flask and made up the volume to 100 ml 
mark with double distilled water. 
(ii) 2.-5% AmmonlLim molybdate solution 
2.5 g of Ammonium molybdate was dissolved in 100 ml double 
distilled water. 
> (iii) Perchloric acid (70%) • 
(iv) Reducing reagent 
3.0 g of analytical grade sodium bisulphite, 0.6 g sodium sulphite 
and 0.05 g recrystallized 1-amino-2 naphthol-^ sulphonic acid (ANSA) 
in 25 ml double distilled water were dissolved. A slight yellow solution 
thus obtained was stored in an amber colour bottle. The colour is stable 
for a week at room temperature. 
3.&A.2 Procedure 
The tubes containing 0.2 ml of brain lipid extracts in duplicate 
were dried and added with 1.0 ml of reagent grade perchloric acid. 
Contents were digested over sand bath maintained at 180°C for about 
30 minutes till the digestion mixture was colourless. Glass beads were 
introduced to each tube to avoid bumping. After the digestion, the 
samples were cooled to room temperature and 1.5 ml of ammonium 
molybdate, 0.2 ml reducing reagent and 7.0 ml double distilled water 
were added to each of the samples. Thereafter , the whole mixture 
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was mixed thoroughly in each test tube. The tubes were heated in 
a boiling water bath for 7 minutes, cooled to roonn temperature and 
matched in DU-6 Beckman Spectrophotometer at 700 nm against a blank 
which was prepared by taking 1.0 ml perchloric acid and treating it 
in the same way as samples. Simultaneously, different concentrations 
of standard KH^PO^ solution were also estimated as above. The values 
of absorbance vs concentrations were plotted for calibration curve by 
the least square method. 
3.8.'».3 Calculation 
Phosphorous content in the sample was calculated using the 
standard curve and the amount of phospholipid in the sample was calculated 
by multiplying the phosphorous content with 25 (factor). The results 
were expressed in mg phospholipids/g tissue weight. 
3.8.5 Estimation of cholesterol: 
Total cholesterol was estimated according to the method of Zlatis 
et al. (195«t). 
FYinciple: Cholesterol dissolved with acet ic acid and in the presence 
of FeCij-H2SO^ reagent gets dehydrogenated to 3,5-cholestadiene or 
2,^f-choJestadiene which simultaneously polymerizes and reacts with FeCl^ 
to form a violet coloured complex which is measured colorimetrically 
at 570 nm. 
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3.8.5.1 Reagents 
(i) Standard solution 
A standard solution of 1.0 mg/ml cholesterol in acetic acid 
was prepared by diluting 1.0 ml of stock solution (100 mg cholesterol 
in 10 ml acetic acid) in a 10 ml volumetric flask and the volume was 
made to 10 ml with acetic acid. 
(ii) Glacial acetic acid 
(iii) Concentrated sulphuric acid 
(iv) Stock ferric chloride reagent 
5.0 g of anhydrous ferric chloride was dissolved in 50 ml 
of glacial acetic acid. 
(v) Working ferric chloride reagent 
1.0 ml of stock ferric chloride was diluted to 100 ml with 
concentrated sulphuric acid. 
3.8.5.2 Procedure 
0.05 ml of brain extract in duplicate was taken in dry 18 x 
150 mm test tubes, dried and dissolved in 3 ml of glacial acet ic acid. 
Then 2.0 ml of working ferric chloride was added and the contents 
were mixed thoroughly. The tubes were kept in dark for 30 minutes 
and the optical density was then measured at 570 nm in Beckman DU-6 
Spectrophotometer. Reagent blank and standard cholesterol solutions 
were also run simultaneously. 
112 
3.8.5.3 Calculation 
Standard curve of cholesterol was used to calculate the amount 
of cholesterol in the samples and results were expressed as mg cholesterol/g 
tissue weight. 
3.8.6 Estimation of triglyceride: 
Triglyceride was estimated according to the method of Fletcher 
(1968). 
Principle: The lipid extract containing triglyceride is hydrolyzed by 
alcoholic KOH. The glycerol released by saponification of triglycerides 
is oxidized to formaldehyde which reacts with acetylacetone to form 
a yellow dihydrolutidine derivative with absorption maxima at nm. 
3.8.6.1 Reagents 
(i) Triolein standard solution 
A standard solution of 3.0 mg/ml triolein in propanol was 
prepared by diluting 1,0 ml stock solution (300 mg triolein in 10 ml 
analytical grade isopropanol) in a 10 ml volumetric flask and the volume 
was made to 10 ml with analytical grade isopropanol. 
(ii) Zeolite mixture 
50 g zeolite was heated overnight at 110°C and mixed with 
5.0 g calcium hydroperoxide, 5.0 g Lloy'd reagent (hydrated aluminium 
silicate) and 2.5 g copper sulphate. The powder was mixed well before 
use. 
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(iii) Potassium hydroxide 
5.0 per cent KOH was prepared in isopropanol-water ('f0:60, 
v/v) nnixture. 
(iv) Working sodium metaperiodate solution 
This working solution was prepared by diluting 12 ml of stock 
solution (0.025 M sodium metaperiodate in 1.0 N acet ic acid or 0.535 mg 
sodium metaperiodate in 100 ml of 1.0 N acet ic acid) in 20 ml isopropanol 
and the volume was made to 100 ml with 1.0 N acetic acid in a volumetric 
flask. The solution was prepared freshly each time before use. 
(v) Colour reagent 
0.75 ml acetylacetone and 2.5 ml isopropanol were added 
in 100 ml of 2 M ammonium aceta te (pH 6.0). The reagent was stored 
in the refrigerator in a dark bottle. The reagent is stable for one 
month. 
3.8.6.2 Procedure 
0.5 ml of extracts of different parts of brain were taken 
in 50 ml volumetric flasks and 5.0 ml analytical grade isopropanol were 
added to each flask. The solutions were mixed well and 2.0 g zeolite 
mixture were added. The flasks were shaken on mechanical shaker 
for 15 minutes and then the contents were centrifuged at 1,000 x g 
for 5 minutes. 1.0 ml of the supernatant was mixed with 0.5 ml of 
5.0 per cent KOH, and the tubes were incubated at 70°C for 15 minutes. 
After cooling to room temperature, 1.0 ml of the working sodium meta-
periodate solution was added to each tube and mixed well. 10 minutes 
a f te r addition of periodate solution, 0.5 mi colour reagent was added, 
the solution was mixed and the tubes were incubated at 60 ± for 
30 minutes. After cooling to room temperature the colour was read 
at nm in DU-6 Beckman Spectrophotometer against a reagent blank. 
A calibration curve with different concentrations of triolein (30-150 A g ) 
was obtained according to the same procedure as described above. 
The absorbance were plotted against concentration by the least square 
method. 
3.8.6.3 Calculation 
Standard curve of triolein was used to calculate the amount 
of triglyceride in the samples and results were expressed as mg t r i -
glyceride/g tissue weight. 
3.8.7 Estimation of gangliosides: 
Gangliosides were estimated according to Pollet e t al. (1978) 
a f te r modification in the methods of Svennerholm (1957) Miettinen and 
Takki-Luukkainen (1959). 
Principle: Bound sialic acids in the gangliosides were isolated carefully 
without their degradation. When samples were heated a t 100°C in a 
boiling water-bath for 30 minutes in resorcinol reagent, the pentose 
sugar rT\oities break upand make a coloured complex with resorcinol reagent. 
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This colour complex is extracted in organic solvent (butylacetate and 
n-butanol; 85:15, v/v). Organic phase was taken and absorbance was 
measured at 580 nm. 
3.8.7.1 Reagents 
(i) Standard solution 
A stock standard was prepared by dissolving 100 mg N-acetyl-
neuraminic acid in double distilled water and making the final volume 
to 100 ml. This gives 1.0 mg N-acetylneuraminic acid/ml. Working 
standard was prepared by taking 1.0 ml of stock standard and diluting 
it to 10 ml in a volumetric flask with double distilled water. This 
is 100/tg N-acetylneuraminic acid/ml. 
(ii) Resorcinol reagent 
This reagent was prepared by mixing 10 ml of 3.0 per cent 
resorcinol solution in double distilled water, 80 ml of concentrated HCl, 
0.25 ml of 0.1 N copper sulphate and double distilled water upto 100 ml 
mark in a volumetric flask. 
(iii) Butyl ace ta te 
(iv) n-Butanol 
3.8.7.2 Procedure 
To 2.0 ml of the upper layer (aqueous) of the lipid extract 
was added 2.0 ml of resorcinol reagent in a test tube. It was heated 
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in a boiling water bath for 30 minutes. After cooling to room temperature, 
3.0 mJ of a mixture of butyj ace ta te and n-butanoJ (85:13, v/v) was 
added to each tube. The tubes were shaken thoroughly and kept for 
15 minutes to separate the organic phase. About ml of organic 
phase was taken and absorbance was measured at 580 nm in DU-6 Beckman 
Spectrophotometer against reagent blank. A standard curve with absorbance 
of different concentrations of n-acetylneuraminic acid (5-30 / tg) having 
2.0 ml final volume of water was prepared by treating in the same 
way as samples. The absorbance of test samples were compared with 
those of standard curve and gangliosides were quantitated as below. 
3.8.7.3 Calculation 
C X V Gangliosides (mg/g fresh weight) = ^ ^ — 
^t * ^ t 
Where, 
C = Concentration in / /g in 2,0 ml extract 
V = Total volume of the upper layer 
V^ = Volume taken for the estimation 
W^ = Fresh weight of the tissue in mg, 
3.8.8. Estimation of lipid peroxide: 
Lipid peroxide contents were estimated according to the method 
of Ohkawa et al. (1979). 
Principle: Acetic acid detached the lipid and protein of the tissue. 
The protein in the reaction mixture is dissolved by the addition of sodium 
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dodecyl sulphate. 2-Thiobarbituric acid (TBA) reacts with lipid peroxide, 
hydroperoxide and oxygen labile double bond to form the colour adducts 
with absorption nnaxima at 532 nm. 
3.8.8.1 Reagents 
(i) 0.15 M Potassium Chloride 
(ii) Sodium dodecyle sulphate (SDS) 8.0% 
8.0 g of SDS in 100 ml double distilled water. 
(iii) Acetic acid (20.0%) 
20.0 per cent acet ic acid solution was made by diluting glacial 
acetic acid accordingly. 
(iv) 2-Thiobarbituric acid (0.8%) 
800 mg of TBA was suspended in 20 ml double distilled water, 
the pH was adjusted to 7.0 by 0.1 N NaOH. This TBA was dissolved 
and volume was adjusted to 100 ml with distilled water . 
(v) n-Butanoi 
3.8.8.2 Procedure 
0.2 ml of each sub-cellular fraction having 3 to 10 mg protein, 
was mixed with 1.0 ml of 20 per cent acetic acid. Subsequently, 0.2 ml 
of 8.0 per cent aqueous SDS was mixed in the above reaction mixture, 
the pH of the mixture was adjusted at using concentrated NaOH 
solution if needed. After adjusting the pH of the reaction mixture. 
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1.5 ml of 0.8 per cent TBA solution and sufficient amount of distilled 
water were added to a final volume of ml. Then the reaction mixture 
was incubated in a boiling water bath for one hour. After cooling to 
room temperature, 3.0 ml of n-butanol was mixed. The reaction mixture 
was then centrifuged at 10,000 x g for 15 minutes. A clear butanol 
fraction obtained a f te r centrifugation was used for measuring the absorbance 
at 532 nm in DU-6 Beckman Spectrophotometer. An appropriate standard 
made up of malonaldialdehyde (MDA) 2.5 n mol was run simultaneously. 
3.8.8.3 Calculation 
Standard absorbance of malonaldialdehyde (2.5 n mol) was used 
to calculate the amount of lipid peroxide in the samples and results 
were expressed as n mole of MDA/g tissue weight. 
3.8.9 Estimation of lipid hydroperoxide: 
Lipid hydroperoxide was estimated by the method of Haldebrandt 
and Roots (1975). 
Principle: The principle of this method is the formation of Fe(SCN)^ 
from ferrous ammonium sulphate and potassium thiocynate on peroxidation 
of Fe ^ to Fe ^ by results into the development of an 
intense pale colour that can be recorded at ^80 nm. 
3.8.9.1 Reagents 
(i) 0.15 M KCl 
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(ii) Trichloroacetic acid (TCA, 20%, w/v) 
(iii)lO mM Ferrous ammonium sulphate 
97.72 mg of ferrous ammonium sulphate was dissolved in double 
distilled water and the volume was made upto 25 ml. 
(iv) 2.5 M Potassium thiocynate 
6.11 g of KSCN was dissolved in double distilled water and 
the volume was made upto 25 ml in a volumetric flask. 
3-8.9.2 Procedure 
2.0 ml of each homogenate (10%, w/v) was treated with 1.0 ml 
of 20% TCA. It was incubated at 0°C for 30 minutes and centrifuged 
at 1^,000 X g for 30 minutes in cold. The above TCA soluble extract 
was used for the estimation of hydroperoxide. One ml of the clear 
supernatant was carefully nnixed with 0.2 ml of 10 mM Fe{NH^)2SO^ 
and 0.1 ml of 2.5 M KSCN The tubes were shaken thoroughly, kept 
for 10 minutes and then absorbance of the pink colour formed was read 
at 'fSO nm in Spectrophotometer against a reagent blank. An appropriate 
standard of cumin hydroperoxide (U n mol) was simultaneously run. 
3.8.9.3 Calculation 
Standard absorbance of cumin hydroperoxide (U n mol) was 
used to calculate the amount of lipid hydroperoxide in the samples and 
results were expressed as n mol of cumin hydroperoxide per g tissue. 
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3.8.10 Estimation of conjugated dienes 
Conjugated dienes content in different brain parts were estinnated 
Spectrophotometrically by the nnethod of Racknell and Ghosal (1966). 
Principle: The absorption maxima of conjugated dienes from long chain 
unsaturated fa t ty acids are generally observed at 220 nm. 
3.8.10.1 Reagents 
• (i) 0.15 M KCl 
(ii) Chloroform (A.R.) 
Oil) Methanol (A.R.) 
(iv) Hexane (A.R.) 
(v) Sodium sulphate anhydrous 
3.8.10.2 Procedure 
Different brain parts were homogenized in 0.15 ml KCl (10%, 
w/v) in ice cold. 0.5 ml of this homogenate was extracted with 15 
ml chloroform-methanol mixture (2:1, v/v) in cold as described by Folch 
et al. (1951). Lipid extract was washed thrice with cold normal saline 
and dried over nitrogen gas stream. The lipids were further dissolved 
in pure hexane and added with a few crystals of anhydrous sodium sulphate. 
After 3 hours, in moisture free atmosphere, the lipid extract was filtered. 
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dried and weighed. The residue was further dissolved in methanol 
(20 g/ml) and absorbance was scanned on a double beam spectrophoto-
meter within wave length range of 200 nm to WO nm against pure 
methanol. The peak of the diene was observed at 220 nm. 
3.8.10.3 Calculation 
The values were calculated as diene/100 g lipid using 
the molar extinction coefficient of 2.1 x 10^. 
3.8.11 Estimation of lipofuscin: 
Lipofuscin pigment was estimated by the method of Dillard and 
Tappel (1971). 
2.8.11.1 Reagents 
(i) Chloroform (A.R.) 
(ii) Methanol (A.R.) 
3.8.11.2 Procedure 
Aliquots of 0.5 ml of the homogenates were extracted a t 
room temperature with 3 ml of chloroform-methanol mixture (2:1, v/v) 
by mixing for one minute on a vortex mixer at high speed. The extracts 
were centrifuged for 1-2 minutes a f t e r mixing briefly with 3 ml of 
water. To 1.0 ml of the chloroform layer was added 0.1 ml of methanol 
and the fluorescence as well as excitation spectra were determined 
with an Amino-Bowman Spectrophotofluorometer (American Instrument 
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Co., Inc.) calibrated with quinine sulphate. The slit arrangement for 
recording fluorescence spectra was slits 3, and 6 set a t 3, 1 and 
3 mm, respectively. The sensitivity set t ing was at 50. Spectra were 
recorded on an X-Y recorder (Houstan Instrument). Under these instrument 
parameters 1 / i g of quinine sulphate/ml of 0.1 N H2SO^ had a f luorescence 
intensity of 60 at a 0.3 meter multiplier set t ing. 
3.8.11.3 Calculation 
The unit of fluorescent compounds (lipofuscin) was defined 
as the fluorescent reading x 60. Results were expressed as unit/g tissue. 
3.8.12 Estimation of total sulfhydryl group (T-SH): 
The estimation of sulfhydryl group was done by the method 
of Ellman (1959) as modified by Sedlak and Lindsay (1968). 
Principle: 5-5' dithiobis-2 nitrobenzoic acid (DTNB) is reduced by -SH 
groups of glutathione (GSH) in alkaline medium to produce one mole 
of 2-nitro-5-mercaptobenzoic acid per mole of -SH group. The reaction 
is as follows: 
R-SH + 
NO. 
COOH 
NO-
R - S - S NO. 
R - S 
COOH 
COOH COOH 
2 - n i t r o - 5 - n i e r c a p t o b e n z o i c a c i d 
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Since the anion (2-nitro-5-mercaptobenzoic acid) has an intense yellow 
colour, it can be used to measure -SH group at ^12 nm. 
3.8.12.1 Reagents 
(1) Standard solution 
A standard solution of 2 x M of GSH was prepared by 
dissolving 6.146 mg GSH in 10 ml of 0.02 M EDTA. 
(ii) 0.02 M EDTA 
(iii) 0.2 M tris buffer in 0.2 M EDTA, pH 8.2 
(iv) 0.01 M DTNB 
0.01 M solution of DTNB was prepared by dissolving 99.0 mg 
DTNB in 25 ml of absolute methanol. 
(v) Absolute methanol 
3.8.12.2 Procedure 
Various parts of the brain were homogenized in chilled 0.15 M 
KCl and the volume was adjusted to give a 10% (w/v) homogenate. 
In 0.1 ml brain (10%) homogenate, 1.5 ml of 0.2 M tris buffer (pH 8.2) 
and 0.1 ml DTNB were added. The mixture was shaken and made to 
10 ml with 8.3 ml of absolute methanol. The reaction mixture was 
centrifuged at 6,000 x g for 5 minutes in cold. The absorbance of 
the clear supernatant was read at >^12 nm. A calibration curve with 
different concentrations of GSH (200-1600 yUmoles) was obtained according 
to the same procedure as described above. The values were plotted 
by least square method. 
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3.8.12.3 Calculation 
Total -SH group in the samples were calculated using the 
standard curve and the results were expressed as ^ m o l s / g tissue. 
3.8.13 Estimation of free sulfhydryl group (GSH): 
Free sulfhydryl group was estimated by the method of Ellman 
(1959) as modified by Sedlak and Lindsay (1968). 
Principle: Same as for total sulfhydryl group estimation. 
3.8.13.1 Reagents 
(i) Standard solution 
_3 
A standard solution of 2 x 10 M of GSH was prepared by 
dissolving 6.1^^6 mg GSH in 10 ml of 0.02 M EDTA. 
(ii) 0.15 M KCl 
(iii) 10% TCA 
(iv) OA M tris buffer in 0.2 M EDTA, pH 8.9 
(v) 0.01 M DTNB 
3.8.13.2 Procedure 
Brain parts were homogenized (10%, w/v) in chilled 0.15 M 
KCl. 1.0 ml brain (10%) homogenate was deproteinized by adding 1.0 ml 
of 10% TCA and centrifuged at 6,000 x g for 5 minutes. 0.5 ml aliquot 
from clear supernatant was mixed with 0.5 ml double distilled water. 
Thereaf ter , 2 ml of OA M tris buffer and 0.1 ml DTNB were added 
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to it with proper stirring. The absorbance was read at ' f l2 nm within 
5 minutes of the addition of DTNB. A calibration curve with different 
concentrations of GSH (200-1600 ^mole s ) was drawn by the sanne procedure 
as described above. The values were plotted by least square method. 
3.8.13.3 Calculation 
Free -SH (GSH reduced) in the sampJes were caJcuJated using 
the standard curve and the results were expressed as ^ m o l e s / g tissue. 
3.8.1^ Estimation of protein bound sulfhydryl group: 
The estimation of protein bound sulfhydryl group was done 
according to the method of Sedlak and Lindsay (1968). 
3.8.1'^.l Procedure 
According to Sedlak and Lindsay -
Total SH - Free SH = Protein SH. 
S.S.l^f.Z Calculation 
The results were expressed as .^tcmoles of protein SH/g tissue. 
3.8.15 Estimation of Oxidized glutathione (GSSG): 
Oxidized glutathione (GSSG) was estimated by the method 
of Folbergrova et al. (1979). 
Principle: The estimation of GSSG by enzymatic method is based on 
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the reduction of GSSG in the presence of NADPH and glutathione reductase 
and the determination of the decrease in NADPH absorbance at 340 nm. 
3.8.15.1 Reagents 
(i) Stock standard of GSSG 
A stock standard of GSSG (15 mM solution) was prepared by 
dissolving 0.91875 g GSSG in 100 ml double distilled water. It was 
stored at -20°C. 
(ii) Working standard of GSSG 
The stock standard of GSSG was diluted to the required concen-
tration on the day of assay. Final concentrations of GSSG standards 
-10 -9 were in the range of 1.5 x 10 - 10 mol in 1 ml of assay reagent. 
(iii) 100 mM Imidazole (glyoxaline) HCl buffer (pH 7.5) 
0.6808 g C^H^N^ were dissolved in 50 ml double distilled 
water and pH was adjusted to 7.5 with 0.2 N HCI and the volume was 
made upto 100 ml with distilled water. 
(iv) 5.0 mM EDTA 
(v) 0.02% BSA 
(vi) 0.2 mM NADPH 
(vii)Glutathione reductase (0.2 U. m f ' ) 
(viii)0.05 M N-ethylmaleimide (NEM) 
(ix) 12.0% TCA. 
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3.8.15.2 Procedure 
Different parts of the brain were homogenized in i ce -co ld 
double distilled water containing 1.0 nnM EDTA. An aliquot of the 
homogenate was imnnediately transferred to tubes containing 0.05 M NEM 
and allowed to stand for 10 minutes at 0°C af ter mixing. The proteins 
were precipitated by the addition of ice-cold 12.0% TCA giving a final 
concentration of approximately 5.0% TCA. After thorough mixing the 
suspension was centrifuged at 0°C. The supernatant was extracted four 
times with diethyl ether to remove TCA and NEM. Aliquots of supernatant 
were then used for GSSG analyses. The reaction mixture consisted 
of 100 mM imidazole HCl buffer (pH 7.5), 5.0 mM EDTA, 0.02% BSA, 
0.002 mM NADPH and 0.1 ml cytosolic supernatant (enzyme source) 
in total volume of 1.0 ml. The reaction was initiated by the addition 
of glutathione reductase (0.1 U. m T ^ . The initial optical density was 
measured at 340 nm before addition of enzyme and the final readings 
were made when the reaction was complete (5-10 minutes). Standard 
of GSSG was also run simultaneously. 
3.8.15.3 Calculation 
GSSG content in the samples was calculated using the standard 
curve and the results were expressed in JUxr\o\ GSSG/g of tissue. 
3.8.16 Estimation of superoxide dismutase (SOD; EC 1.15.1.1): 
Superoxide dismutase was determined by the method of 
McCord and Fridovich (1969), 
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Principle: Superoxide anions were generated in a system connprised 
of NADH and phenazine methosulphate. These superoxide anions reduced 
the nitroblue tetrazolium forming a blue formazon, which was measured 
at 560 nm. Superoxide dismutase inhibited the reduction of nitroblue 
tetrazolium and thus the enzyme activity was measured by monitoring 
the rate of decrease in optical density at 560 nm. 
3.8,16.1 Reagents 
(i) 0.15 M Potassium chloride 
(ii) Ammonium sulphate 
(iii) 20A mM Tetrasodium pyrophosphate 
mg of Na^P202.10H20 was dissolved in double distilled 
water, the volume was made upto 50 ml and the pH was adjusted to 
9.2. 
(iv) 2.3^^ mM Nicotinamide adenine dinucleotide reduced (NADH) 
18.29 mg of NADH was dissolved in 10 ml of pyrophosphate 
buffer. 
(v) 0.93 mM Phenazine methosulphate 
2.9 mg of phenazine methosulphate was dissolved in 100 ml 
pyrophosphate buffer (pH 9,2) in a volumetric flask. 
(vi) 1.5 mM Nitroblue tetrazolium 
32.138 mg of nitroblue tetrazolium was dissolved in pyro-
phosphate buffer (pH 9.2) and the volume was made upto 25 ml in volu-
metric flask with buffer. 
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(vii) Acetic acid (A.R.) 
3.8.16.2 Procedure 
Two ml of homogenate was dispensed in centrifuge tubes. 
The tubes were placed in a refrigerated centrifuge and spinned 10,000 x g 
for 15 nninutes. To the supernatant from each sample, 313 mg/ml ammonium 
sulphate was added to the final concentration of 50%. The tubes were 
shaken thoroughly and kept for k hours in cold (4°C), Thereafter , the 
tubes were centrifuged at 1^ ,^000 x g for 30 minutes at k°C. Thereafter , 
the tubes were centrifuged at 1^,000 x g for 30 minutes at The 
supernatant sample was dialysed against cold triple distilled water with 
three changes, each change af ter three hours interval. The contents 
of the dialysis bags were subsequently used as enzyme source. Later 
the two reaction setups were run in parallel. The tubes in first setup 
(experimental) received 0.3 ml nitroblue tetrazolium, 0.2 ml phenazine 
methosulphate, 1.0 ml pyrophosphate buffer, 1.0 ml triple distilled water 
and 0.2 ml enzyme source. The second setup (reference) tubes received 
all the above reagents minus the enzyme source. The reaction started 
simultaneously in the two sets by the addition of 0.2 ml NADH. After 
an interval of 90 seconds, 1.0 ml glacial acetic acid was added to each 
tube for checking the reaction. Then 0.2 ml enzyme source was added 
in the reference tubes. The absorbance in these tubes was read at 
560 nm on a spectrophotometer against a blank (NBT + PMS + buffer 
+ TDW). Protein content in enzyme source was also determmed by 
the method of Lowry et al. (1951). 
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3.8.16.3 Calculation 
The unit of enzyme activity was defined as the amount 
of enzyme required to inhibit the optical density at 560 nm of NBT 
reduction by 50% in one minute under the assay conditions. Results 
were expressed as units/mg protein. 
3.8.17 Estimation of catalase (H202:H202 oxidoreductase, EC 1.11.1.6): 
Catalase activity was assayed according to the method of 
Aebi (197^). 
Principle: It catalyzes the following reaction 
Catalase 
2H2O2 • 2H2O + O2 
In the U V range ^ continual increase in absorption with 
decreasing wavelength and maximum at 2W nm. The decomposition 
of H2O2 can be followed directly by the decrease in extinction at 
nm (E 2^0 = fO cm^/ ^ m o l e ) . The difference in extinction (E 2W) 
per unit time is the measure of the catalase activity. 
3.8.17.1 Reagents 
(i) 50 mM Phosphate buffer (pH 7.0) 
(ii) 30 mM Hydrogen peroxide 
0.34 ml of 30% H2O2 was diluted to 100 ml with phosphate 
buffer. 
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3.8.17.2 Procedure 
Pipetted 3.0 ml of H202-phosphate buffer into the cuvette , 
added the required amount of tissue supernatant (cytosolic fraction) 
as enzyme source, and the contents were mixed thoroughly. The decrease 
in absorbance at 2U0 nm was recorded a f te r every 30 seconds for 3 
minutes. 
3.8.18 Estimation of glutathione reductase (GR; NADH: oxidized 
glutathione; oxidoreductase EC 1.6.^.2): 
Glutathione reductase was assayed by the method of Hazelton 
and Lang (1985). 
Principle: Glutathione reductase (GR) catalyzes the reduction of oxidized 
glutathione (GSSG) by NADPH to reduce glutathione (GSH) according 
to the following equation: 
GR 
GSSG + NADPH + H"^  • NADP^ + GSH 
The activity of the enzyme was measured by following the decrease 
in optical density/minute during oxidation of NADPH spectrophotometri-
cally at 340 nm. 
3.8.18.1 Reagents 
(i) 0.1 M Tris HCl buffer (pH 8.0) 
(ii) 1.0 mM EDTA 
(ill) 3.0 mM GSSG 
(iv) 0.1 mM NADPH 
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3.8.15.2 Procedure 
The reaction mixture consisted of 0.1 nnl NADPH, 0.2 ml 
GSSG, 0.1 ml EDTA, 2.5 ml tris buffer and 0.1 ml diluted tissue cytosolic 
supernatant (enzyme source) in a total volume of 3.0 ml. The reaction 
was initiated by the addition of tissue supernatant. Oxidation of NADPH 
was followed at 3U0 nm. Reference reaction was also run simultaneously. 
Protein content in enzyme source was also determined. Increase in 
optical density/minute was deduced. 
3-8.18.3 Calculation 
Enzyme activity was calculated using the molar extinction 
coefficient of NADPH (6.22 x 10 M' cm ) and results were expressed 
as n mole of NADPH oxidized per minute per mg protein. 
3.8.19 Estimation of glutathione peroxidase (GSHPx^, GSH : H O 
oxidoreductase EC 1.11.1.9): 
Glutathione peroxidase was assayed according to the method 
of Paglia and Valentine (1967) with some modification by Lawrence 
and Burk (1976). 
Principle: It measures the rate of GSH oxidation by H2O2 as catalyzed 
by the GSHPx present in the tissue supernatant. The substrate is main-
tained at a constant concentration by the addition of oxogenous GSSG-R 
and NADPH, which immediately converts any GSSG produced to the 
reduced form (GSH). 
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2GSH H^O^ G S H ^ ^ ^ q ^ ^^^^^ 2NA^DPH*" ^ 2NADP^ 
The rate of GSSG formation is then measured by following the decrease 
in absorption of the reaction mixture at 340 nm as NADPH is converted 
to NADP^. 
3.8.19.1 Reagents 
(i) 50 mM Potassium phosphate buffer (pH 7.0) 
(ii) 10 mM EDTA - 372.2^^ mg EDTA was dissolved in 100 ml 
double distilled water, 
(iii) 10 mM NaN^ - 65.01 mg NaN^ in 100 ml double distilled 
water. 
(iv) 2 mM NADPH - 166.68 mg NADPH in 100 ml DDW. 
(v) 10 mM GSH - 307.32 mg GSH in 100ml DDW. 
(vi) 2.5 mM H^O^ 
(vii) Glutathione reductase (purified enzyme). 
3.8.19.2 Procedure 
The reaction mixture consisted of 50 mM potassium phosphate 
buffer (pH 7.0), EDTA (1.0 mM), NaN^ (1.0 mM), NADPH (0.2 mM), 
GSSG-R (1.0 E.U.), GSH (1.0 mM), H^O^ (0.25 mM) and requisite amount 
of tissue supernatant in a total volume of 2.5 ml. All ingredients except 
enzyme source (tissue supernatant) and combined at the 
beginning of experiment. Tissue supernatant was added to the above 
mixture and allowed to incubate for 5 minutes at room temperature. 
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The reaction was initiated by the addition of H2O2 (0.25 mM), Absorbance 
at 340 nm was recorded for 5 minutes a f te r every 30 seconds interval. 
Blank reactions with enzynne source replaced by distilled water were 
also carried out to find out the non-enzymatic change, if any. Protein 
in enzyme source was also determined. 
3.8.19.3 Calculation 
Enzyme activity was calculated on the basis of molar extinction 
coefficient for NADPH (6.22 x 1 O^M"'Cm"'). Results were expressed 
as n moles NADPH oxidized/min/mg protein. 
3.8.20 Estimation of glutatione-S-transferase (GST; EC. 2.5.1.16): 
Glutathione-S-transferase (GST) activity was assayed by the method 
of Habig et al. (1974). 
Principle: The enzyme activity is measured by following the increase 
in absorbance at 340 nm of CDNB-GSH conjugate generated as a result 
of GST catalysis between glutathione and l-chloro-2, 4-dinitrobenzene. 
(CDNB). 
CDNB + GSH > CDNB - GSH conjugate 
3.8.20.1 Reagents 
(i) 0.2 M Phosphate buffer (pH 6.5) 
(ii) 1.0 mM Glutathione 
30.73 nig of glutathione (reduced) was dissolved in 100 ml 
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phosphate buffer (pH 6.5). 
(iii) 1.0 mM CDNB 
20.26 mg of CDNB was dissolved in 100 ml acetone. 
(iv) Acetone (A.R.) 
3.8.20.2 Procedure 
In 0.1 ml of cytosol fraction (supernatant), 2.7 ml glutathione 
solution and 0.2 ml CDNB (1.0 mM) were mixed. The change in absorbance 
at nm was recorded at room temperature against blank containing 
all the reagents except the enzyme. Protein content in enzyme source 
was also determined. 
3.8.20.3 Calculation 
The values were calculated on the basis of molar extinction 
coefficient of CDNB (9.6 c and specific activity of enzyme 
was expressed in n mole of GSH-CDNB conjugate formed per minute 
per mg protein. 
3.8.21. Estimation of monoamine oxidase (EC ]A.3A)i 
Monoamine oxidase activity was determined by the method 
of Tabor et al. (1953). 
Principle: The benzylamine undergoes oxidative deamination in the 
presence of MAO and benzaldehyde is formed. 
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3.8.21.1 Reagents 
(i) 0.5 M phosphate buffer (pH 7.2) 
(ii) 10% Perchloric acid (PCA) (A.R.) 
(iii) 0.1 M Benzylamine hydrochloride 
3.8.21.2 Procedure 
The reaction mixture in a final volume of 2 ml consisted 
of OA ml of 0.5 M phosphate buffer (pH 7.2), 0.1 ml of 0.1 M benzylamine 
hydrochloride and 0.2 ml of post mitochondrial fraction of brain. The 
reaction mixture was incubated at 37°C for 30 minutes. The reaction 
was stopped by adding 1.0 ml of 10% PCA. The proteins were precipitated 
by centrifugation at 2,500 rpm for 10 minutes. The optical density 
of benzaldehyde formed was read in the supernatant at 250 nm against 
the blank treated similar to samples containing 0.2 ml of O M M sucrose 
that replaces the sample. Protein contents were also determined. 
3.8.21.3 Calculation 
The enzyme activity was expressed as n moles benzaldehyde 
formed/min/mg protein. 
3.8.22 Nucleic Acids: 
Principle: The procedure for the determination of nucleic acids described 
below is based on the finding that nucleic acids can be separated from 
other tissue compounds by their preferential solubility in hot TCA or 
PCA. The isolated nucleic acids are then quantitated by means of 
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colorimetric reactions involving the pentose components of the nucleic 
acids. 
3.8.22.1 Isolation of nucleic acids 
Nucleic acids were isolated following the method of Searchy 
and Maclnnis (1970). Weighed tissue of the different brain regions were 
homogenized and the homogenates were heated at 90°C in boiling water 
bath for 10 minutes, cooled and centrifuged at 3,000 x g for 10 minutes. 
Supernatants were taken in graduated test tubes and the volume was 
maintained upto 5.0 ml with 0.5 N perchloric acid. This extract was 
used in the estimation of DNA and RNA according to the following 
procedures: 
3.8.22.2 Estimation of DNA 
DNA was estimated following the method of Burton (1956). 
3.8.22.2.1 Reagents 
(i) Standard solution 
5.0 mg of pure DNA was dissolved in 5.0 ml of 0.5 N per-
chloric acid. 
(ii) Diphenylamine reagent 
1.5 g diphenylamine was dissolved in about 50-60 ml glacial 
acetic acid. 1.5 ml concentrated H2SO^ was added to it and the final 
volume was maintained upto 100 ml with glacial acetic acid. 
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3.8.22.2.2 Procedure 
2.0 ml of the supernatant of nucleic acid extract was taken 
in a test tube. To this, ml diphenylamine reagent was added and 
the tubes were heated on boiling water bath for 15 minutes. After 
cooling, the colour intensity was measured at 600 nm against a reagent 
blank. A standard curve was prepared relating to optical density to 
micrograms of DNA using 100 to 600 jUg of standard solution of DNA 
according to the same procedure. The values were plotted by the least 
square method. 
3.8.22.2.3 Calculation 
DNA in the reaction product was calculated using the standard 
curve of DNA that was run simultaneously with the test sample. Results 
were expressed as mg DNA/g tissue weight. 
3.8.22.3 Estimation of RNA 
RNA was estimated by the method of Dische (1955). 
3.8.22.3.1 Reagents 
(i) Standard solution 
5.0 mg of standard RNA (Sigma USA) was dissolved in 5.0 ml 
of 0.5 N perchloric acid. 
(ii) Orcinol reagent 
33.0 mg ferric chloride was dissolved in about 50.0 ml 
concentrated HCl. 3.5 ml of 6.0% orcinol (dissolved in absolute alcohol) 
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was mixed with it, and the volume was made upto 100 ml with HCl. 
3.8.22.3.2 Prtx:edure 
2.0 ml of the supernatant of nucleic acid extract was taken 
in test tubes. ^.0 ml of the orcinol reagent was added to it . Test 
tubes were heated on boiling water bath for 15 minutes, cooled and 
the absorbance was read a t 660 nm against a reagent bJank, A calibration 
curve with different concentrations of RNA (100-600 ^ g ) was drawn 
according to the same procedure as described above. The values were 
plotted by the least square method. 
3.8.22.3.3 Calculation 
RNA content in the samples was calculated using the standard 
curve. The results were expressed as mg RNA per g tissue weight. 
3.8.23 Estimation of DNase activity: 
Deoxyribonucleases were determined by the method of Sung 
(1968). 
Principle: The DNase activity of the brain homogenate or fractions 
was measured by determining the formation of acid soluble compounds 
from highly polymerized DNA. 
3.8.23.1 Reagents 
(i) Native DNA 
ifOO mg DNA was dissolved in 100 ml double distilled water. 
water. 
(ii) 0.2 M Ammonium ace ta te (pH 5.0) 
1.5^^16 g NH^COOCH^ was dissolved in 100 ml double distilled 
(iii) 0.1 M Magnesium chloride 
2.0333 g MgCl^ were dissolved in 100 ml double distilled 
water. 
(iv) l.'t N Perchloric acid. 
3.8.23.2 Procedure 
The incubation mixture for acid DNase contained OA mg 
of native DNA, 0.5 ml of 0.2 M ammonium aceta te (pH 5.0), 0.3 ml 
of 0.1 M magnesium chloride, suitable amount of homogenate and water 
to make a total volume of 2.0 ml. After incubation for 2 hours at 
37°C, 2.0 ml of cold l.'f N perchloric acid were added in reaction mixture. 
Then, keeping in ice for 30 min., the precipitate was removed by centrifuga-
tion at 0°C and the absorbance of the supernatant was measured in 
a Beckman model DU-6 spectrophotometer at 260 nm against a reference 
tube which consisted of all the above reagents except DNA. DNA was 
added a f te r the addition of perchloric acid. 
3.8.23.3 Calculation 
The unit of enzyme activity was defined as the amount 
of enzyme required to cause an increase of absorbance at 260 nm of 
1.0/hr. Results were expressed as units/g wet weight of tissue. 
3.8.24 Estimation of RNase 
Ribonuclease activity was determined by the method of 
Ishihara et al. (1967). 
Principle: The RNase activity of the tissue was measured by determin — 
ing the production of acid soluble compounds from highly polymerized 
RNA. 
3.8.2<>.l Reagents 
(i) RNA 
200 mg of RNA was dissolved in 100 ml double distilled 
water. 
(ii) 0.02 M Sodium succinate (pH 5.0) 
0.5U0 g of sodium succinate was dissolved in 100 ml double 
distilled water. 
(iii) 0.01 M Magnesium sulphate 
0.2't6 g MgSO^ was dissolved in 100 ml double distilled 
water. 
(iv) 12.0% Perchloric acid. 
3.S.2it.2 Procedure 
The reaction mixture was made upto a total volume of 
1.0 ml which contained 0.2 ml of 0.02 M sodiurtn succinate, 0.2 ml of 
0.01 M magnesium sulphate, 0.2 mg of highly polymerized RNA and 
suitable amount of brain homogenate. It was incubated at 37°C for 
30 minutes. The reaction was stopped by the addition of 0.2 ml of 
12.0% perchloric acid precooled in ice. After keeping in ice for 30 
minutes, the insoluble protein and nucleic acid were removed by centrifuga-
tion at 0°C and the absorbance of the supernatant was read at 260 nm 
on Beckman DU-6 spectrophotometer against the reference tube which 
consisted of all the reagents as that in the samples except RNA. RNA 
was added af te r the addition of perchloric acid. 
3.8.2'f.3 Calculation 
The unit of enzyme activity was defined as the amount 
of enzyme required to cause an increase of absorbance at 260 nm of 
30 minutes. Results were expressed as units/g wet weight of tissue. 
3.8.25 Protein estimation: 
Protein estimation in tissue homogenates, post nuclear fractions 
and cytosolic supernatant was done by the method of Lowry et al. (1951). 
Principle: This method is based on colour reactions of amino acids 
tryptophan and tyrosine with Folin phenol reagent. By the reaction 
of these amino acids with phosphomolybdic acid and phosphotungstic 
acid (present in Folin's reagent), a blue colour is formed which is colori-
meterically estimated at 625 nm. The colour is the result of reduction 
of phosphomolybdic acid and biuret reaction of proteins with Cu^^ ions 
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in alkaline medium. 
3.8.25.1 Reagents 
(i) 2.0% (w/v) Sodium carbonate in 0.1 N NaOH. 
(ii) 1.0% (w/v) Copper sulphate 
(iii) 2.0% (w/v) Sodium potassium ta r t r a te 
(iv) Alkaline copper sulphate solution 
1.0 ml of reagent ii + 1.0 ml of reagent iii + 48 ml of 
reagent i in the same sequence. 
(v) Folin Ciocalteau phenol reagent 
2 N solution obtained commercially was diluted 1:1 with 
double distilled water before use. 
(vi) Standard bovine serum albumin (1 mg/ml) 
Stock standard was diluted ten times to get the working 
standard of lOO^g/ml. 
3.8.25.2 Procedure 
To 0.1 ml of tissue or subcellular fraction was added 
0.9 ml normal saline and 1.5 ml of 10% TCA. The contents were kept 
in cold for hours and protein precipitate was recovered by centrifugation. 
Protein was dissolved in 1.0 ml O.I N NaOH. 5.0 mi of alkaline copper 
sulphate solution was then added to the diluted sample and incubated 
at 37°C. After 30 minutes, 0.5 ml of Folin-Ciocalteau reagent was 
added at the same temperature. Optical density of the blue colour 
developed was read at 625 nm exactly a f te r 30 minutes. Standard protein 
solution (BSA, 20-100^g) and blank were also run sinnultaneously. 
3.8.25.3 Calculation 
Standard curve of BSA {20 JLg - 100 /eg) was plotted and 
the concentration of protein in the samples was calculated. The results 
were expressed as nng protein/100 gnn tissue weight. 
3.8.26 Serum Cprtisol: 
Serum C o r t i s o l was determined by coated tubes method 
with the help of RIA kit manufactured by BIODATA S.p.A., Via Tiburtina 
Valeria km. 19.600, 00012 Guidonia Montecelio (RM) and distributed 
by ARES SERONO DIAGNOSTIC! S.p.A., Via Rosellini, 12, 2012if MILANO. 
The kit allows the quantitative determination of Cortisol by RIA in 
serum or plasma samples without preliminary t reatment of the sample 
(Direct method). 
Principle: Antigen, whether from standards or from samples, competes 
with radioactive tracer (Cortisol) for the binding sites of antibody, which 
is absorbed on the kit tubes (coated tubes). 
After incubation, the amount of tracer bound to antibody 
will be inversely proportional to the amount of antigen present in standard 
or in samples. B/F separation was performed by tubes addition of unbound 
(Cortisol). The unknown values were obtained from the standard curve 
by interpolation. 
3.8.26.1 Reagents 
(i) Cortisol Bridge coated tubes. 
(ii) Cortisol Bridge standards 
The concentration of Cortisol in human serunn base and 
preservatives were the following: 
0 - 10 - 25 - 30 - 100 - 250 - 500 - 1000 ng/ml. 
(iii) Cortisol Bridge 
It contained free-dried Cortisol and buffer solution with 
stabilizers and preservatives 
(iv) Serotest 
It contained human serum and preservatives. 
3.8.26.2 Specimen collection 
Blood was taken and allowed to clot. The serum was separated 
and stored at when the test was to be performed within 24 hours. 
In case the test was to be performed a f t e r hours, it was stored 
at -20°C. 
3.8.26.3 Procedure 
The reagents were allowed to reach room temperature before 
use and for each assay the tubes (Cortisol Bridge coated tubes) were 
prepared as follows: 
* 2 tubes for Bo ("zero" standard concentration); * 2 tubes for each 
standard concentration; and * 2 tubes for each sample and serotest. 
For total radioactivity determination, af ter tracer addition, ^ tubes were 
counted before aspiration step. The mean radioactivity of these tubes 
was considered as total radioactivity. Then 0.05 ml of sample, standard 
and serotest were pipetted into respective tubes. 0.05 ml "0" standard 
was pipetted into Bo, 1.0 ml Cortisol was pipetted into all tubes and 
total activity tubes. The contents of the tubes were mixed gently using 
side to side motion. The tubes should not be vortexed. The tubes 
were then incubated at 37°C for 90 minutes in a water bath. Thereafter, 
the fluid was aspired. It was then counted inN^counter for at least 
one minute. 
3.%.26A Calculations 
Bo mean counts were used to calculate the percent binding 
in absence of cold antigen (maximum binding). 
Bo mean counts y mn cv w-.r^ A-.,^ ^ T——1 T- — X 100 = % binding Total radioactivity mean counts ' ' 
Per cent relative binding of each standard, sample and Serotest was 
calculated with the following formula: 
Mean counts (standard, sample or serotest) x 100 = % relative binding 
Bo mean counts 
3.9 Histochemical Studies; 
For histochemistry, cryostat sections were obtained according 
to the following method. 
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3.9.1 Procedure for cryostat sections: 
Before cutting the cryostat sections, parts of the brain, 
fixed by perfusion method with 10% neutral buffered formalin solution, 
were left overnight in a 10% solution of formaldehyde (^0%) in 1.0% 
calcium chloride or calcium aceta te . Thereafter , the parts of the brain 
were individually placed over a drop of water on a block holder and 
'quenched' with expanding carbon dioxide gas from a cylinder. When 
the freezing was completed, the block holder with the part at tached 
to it, was returned to the cryostat chamber, maintained at a temperature 
of -lO^C. The microtome was operated, and 8 to 10 micrometer thick 
sections were cut. The anti-roll plate was swung out of place and 
the face of a clean glass slide, coated with Meyer's egg albumin, held 
by a rubber suction device, was advanced towards the sections lying 
on the knife. As soon as the slide y/as brought near sections, sections 
rolled on to the slide by force of air. Once the sections were attached 
to the slide, the slides were taken out and lef t in air until nearly dry 
(0.5 to 1 minute). The slides were numbered and stored. 
3.9.2 Staining for total lipids: 
Sudan black B method of Lison and Dagnelie (1935) was 
used for the histochemical study of the total lipids as described below. 
3.9.2.1 Reagents 
(i) Sudan black solution 
Solution A : Sudan black B 1.0% in isopropanol. 
Solution B : Sodium borate 1.0% in double distilled water. 
Solution C : Solution A and B were mixed in equal parts 
and allowed to stand for 10 minutes at room 
temperature and then fil tered. 
(ii) Glycerin jelly 
Gelatin ]5 g was dissolved in 100 ml double distilled water 
with moderate heating (60°C), then 100 ml glycerol was added and the 
solution was mixed well. Thereafter , it was filtered through glass-
wool, whilst hot. The bulk was stored in refrigerator. 
3.9.2.2 Procedure 
Cryostat sections were washed with double distilled water 
and stained in solution C (Sudan black) for 10 minutes. They were 
differentiated in 60% isopropanol and washed with double distilled water. 
The sections were counterstained with a red nuclear dye (carmalum 
0.1%) and mounted in glycerin jelly a f te r washing the section with double 
distilled water. The lipids were stained black while the other structures 
were light grey. 
3.9.3 Staining of phospholipids: 
Nile blue sulphate method of Dunnigan (1968) was used for 
the histochemical study of the phospholipids. 
3.9.3.1 Reagents 
(i) Nile blue solution 
Saturated aqueous nile blue sulphate 100 ml and 0.5% sulphuric 
acid (H2S0^) 10 ml were mixed together. The mixture was boiled for 
two hours under reflux before use. This solution was at pH 2.0, so 
that non-lipid reaction is minimal. 
(ii) Acetic acid (5.0%) 
(iii) Hydrochloric acid (0.05%) 
(iv) Glycerin jelly. 
3.9.3.2 Procedure 
Cryostat sections were stained for 90 minutes at 60°C in 
the nile blue solution, rinsed in double distilled water, and placed in 
acetone (heated to ^O^C) for 30 minutes and again rinsed with distilled 
water. The sections were again differentiated in 0.05% hydrochloric 
acid for 3 minutes. Thereafter, they were washed in distilled water 
and mounted in glycerin jelly. The phospholipids were stained blue. 
3.9A Staining of lip>ofuscin pigment: 
Staining for the lipofuscin pigment was done by the method 
of Lillie (1956). 
3.9.^ .^1 Reagents 
(i) Nile blue sulfate solution 
0.05 g of nile blue sulfate was dissolved in 100 ml of t 
sulphuric acid. 
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(ii) Glycerin jelly 
3.9.4.2 Procedure 
Cryostat sections were stained in nile blue solution for 20 
minutes and washed in running tap water for 10 to 15 minutes. Thereafter , 
they were mounted in glycerin jelly. Lipofuscin pigment was stained 
dark blue or green, while myelin was green to deep blue and nuclei 
poorly stained. 
3.9.5 Staining of nucleic acids 
Methyl green pyronin method (Elias, 1969) was used for the 
localization of DNA and RNA. 
3.9.5.1 Reagents 
(i) Methyl green solution 
1.6 g of methyl green was dissolved in 200 ml of ace ta te 
buffer (pH 't.l). The solution was washed in chloroform until completely 
f ree of traces of methyl violet. 
(ii) Staining solution 
200 mg of pyronin Y was added to 100 ml of methyl green 
solution and the solution was well stirred and stored at It was 
filtered before use. 
3.9.5.2 Procedure 
Cryostat sections were placed in double distilled water, there-
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a f te r stained at 37°C for one hour, rinsed in double distilled water 
at 1°C for 2 seconds. Sections were then blotted dry and dehydrated with 
tertiary butanol, two changes for 5 minutes. They were cleared in 
xylene and mounted in DPX. DNA was stained green blue and the 
RNA red. 
3.10 Light Microscopic Studies: 
3.10.1 Reagents 
(i) Neutral buffered formalin [10% Lillie (19't8)] 
Neutral buffered formalin solution was made by mixing 100 ml 
of 'fO per cent formaldehyde and 900 ml of distilled water and then 
adding ^ g of sodium dihydrogen phosphate monohydrate (NaH2P0j^.H20) 
and 6.5 g of disodium hydrogen phosphate anhydrous (Na2HPO^) to the 
formaldehyde water mixture. It was used for light microscopy as one 
of the perfusates for fixation of the brain tissue. 
(ii) Graded strengths of ethanol 
Various strengths of ethanol were obtained by diluting absolute 
ethanol with distilled water. This was used for dehydration of tissue. 
(iii) Meyer's egg albumin 
The white of an egg was taken in a measuring cylinder and 
mixed with an equal volume of pure glycerin. After a thorough mixing, 
a crystal of thymol was added to the solution, and the solution was 
kept in a glass stoppered bottle. It was stored in a refrigerator. 
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3.10.2 Processing of tissues for making paraffin blocks: 
Par ts of the rat brain already fixed by 'in vivo' perfusion 
method were thoroughly washed with distilled water, and gently transferred 
into sufficient quantity of 30 per cent ethanol. The parts were then 
processed through increasing strengths (50, 70, 80, 90, and 95 per cent) 
of ethanol by keeping them in each solution for an hour. Dehydration 
was completed by two changes of absolute ethanol, each of 30 minutes 
duration. Dehydrated specimens were 'cleared' in xylene (2 to 3 hours) 
and ' infi l trated' with paraffin wax (56°C melting point). The filtered 
molten paraffin wax was poured into 'L-shaped metallic moulds'. The 
two moulds were put together on a glass plate in such a way that a 
brick shaped hollow was formed. Thereafter , with the help of forceps 
(warmed over a flame), the impregnated slices were quickly placed into 
the hollow already filled with molten wax. Tissue orientation was done 
immediately a f te r placing a particular part inside the mould. Rapid 
cooling was done for solidification of wax. The paraffin blocks thus 
obtained were labelled and stored in a refrigerator till used for section 
cutting. 
3.10.3 Cutting of paraffin sections: 
The paraffin blocks were trimmed and attached to block 
holders. After adjustment, 7 to 10 micrometer thick sections were 
cut with a sharp knife on a rotary microtome. The ribbons of sections 
were spread on a sheet of paper kept over a flat surface. 
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3.\0A Attachment of sections on glass slides: 
Small lengths of ribbons were cut by a sharp razor blade. 
They were lifted by a spatula and transferred to the water surface 
in a tissue floating bath, the temperature of which was always kept 
about 1 to 2 degree below the melting point of the wax used. The 
flattened sections were carefully lifted on clean glass slides smeared 
with a thin layer of egg albumin. The slides were kept overnight in 
an incubator adjusted between The dried slides were ready 
for staining by the method of choice. 
3.10.5 Staining methods: 
Sections from different regions of the rat brain from both, 
the 'control' and the 'stressed' animals were stained by a number of 
stains. An account of the reagents and procedures of various staining 
methods is given below. 
3.10.5.1 Haematoxylin-eosin staining 
3.10.5.1.1 Reagents 
(i) Harris's haematoxylin 
20 g potassium alum was dissolved in 200 ml warm distilled, 
water in a 'one litre' conical flask. I.O g haematoxylin was dissolved 
in 10 ml ethanol and was added to the alum solution. The mixture 
was rapidly brought to the boiling point and 0.5 g mercuric oxide was 
added. The stain was rapidly cooled by plunging the flask into cold 
water, or into a sink containing chipped ice. Then it was fi l tered. The 
stain was ready for use. If 8.0 ml of acetic acid (glacial) is added 
to the above stain, it gives more precise and selective staining of nuclei. 
(ii) Alcoholic eosin (1.0%) 
Alcohol soluble eosin I g was dissolved in 100 ml ethanol 
(90%). When the dye was completely dissolved, the solution was filtered 
through Whatman's No. 2 filter paper and stored in an air-tight glass 
stoppered bottle. 
3.10.5.1.2 Staining procedure 
The sections were deparaffinized with xylene and transferred 
to absolute ethanol. They were hydrated through graded ethanol to 
water . Thereafter , the sections were placed into haematoxylin for a 
suitable time (3-5 minutes), washed in running tap water and differentiated 
in 1.0 per cent acid alcohol (1.0% HCl in 70 per cent alcohol). The 
sections were again washed in tap water until they were again blue 
(5 minutes or less), counterstained with alcoholic eosin (1.0%) solution, 
and washed in tap water (1-5 minutes). Thereafter , the sections were 
dehydrated through ethanol, cleared in xylene and mounted in DPX or 
Canada balsam. 
3.10.5.2 Thionin staining (Clark, 19'»5) 
3.10.5.2.1 Reagents 
(i) Lithium carbonate (0.55%) 
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A solution of lithium carbonate (0.55%) was prepared by 
dissolving 5.50 g lithium carbonate in one litre double distilled water^ 
(ii) Thionin solution 
It was prepared by dissolving 0.25 g thionin in 10 ml lithium 
carbonate (0.55%) solution. 
3.10.5.2.2 Procedure 
The sections were dewaxed in xylene and hydrated through 
descending grades of ethanol to water. These were treated with lithium 
carbonate solution for 5 minutes and then stained in thionin solution 
for an appropriate time (5-10 minutes). This was followed by a rinse 
in distilled water. Thereafter , the sections were dipped in 70% ethanol 
for a few seconds, dehydrated with butyl alcohol in two changes of 
2 to 3 minutes each and cleared in xylene. Finally, the sections were 
mounted in canada balsam. The Nissl substance was stained bright 
blue against a practically clear background. 
3.10.5.3 Glees silver staining technique 
3.10.5.3.1 Reagents 
(i) Glees silver solution 
60 ml of 20% aqueous silver nitrate solution was taken in 
a beaker and (fO ml alcohol (96%) was added to it. Thereafter, 26% 
ammonia water was added drop by drop to the above mixture till the 
precipitate formed was dissolved and the solution was once again clear. 
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The solution was kept on a shaker all the time. It was stored in a 
reagent bottle covered with black paper. 
(ii) 2.5% formaldehyde solution 
25 ml of 10% formaldehyde solution was mixed with 75 ml 
of tap water. 
(iii) Celloidine solution 
Celloidine I.O g was dissolved in ether-alcohol (1:1, v/v) 
mixture 100 ml, and was kept in an air-tight bottle to keep off any 
trace of moisture. 
(iv) Silver nitrate 20% aqueous solution 
20 g of silver nitrate was dissolved in double distilled water 
and the volume was made upto 100 ml. 
(v) Sodium thiosulphate solution 
5.0% aqueous sodium thiosulphate solution was prepared by 
dissolving 5.0 g of the salt in 100 mi double distilled water. 
3.10.5.3.2 Procedure 
Sections were dewaxed with xylene and were given two succes-
sive changes in absolute ethanol to remove xylene. They were kept 
in celloidine solution for 1 minute and the excess of celloidine was 
removed by blotting with paper. Only a thin layer was le f t . There-
af ter , the sections were dipped in 70% alcohol for 5 minutes, washed 
in 2.5% formaldehyde solution followed by washing with distilled water 
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and dipped in 20% silver nitrate at 60°C for 30 minutes. Then they 
were rinsed with distilled water, dipped in 10% formaldehyde solution 
(lukewarm) for 1 minute and in Glees silver nitrate solution for 30 seconds. 
The sections were again dipped in 10% formaldehyde solution for 1 
minute or till the brown colour was obtained, washed in running t ap 
water and dipped in sodium thiosulphate solution for 5 minutes. They 
were then washed with graded alcohol (70%, 96% and absolute alcohol) 
by dipping slides for 30 minutes in each alcohol. Thereafter, the sections 
were dipped in ether-alcohol (50:50) mixture for 5 minutes (upto removal 
of celloidine), washed with absolute alcohol, cleared in xylene and mounted 
in DPX. 
3.\0.5A Kluver Barrera staining (1953) 
3.10.5.'^.l Reagents 
(i) Luxol fast blue 
0.1 g of dye was dissolved in 100 ml of 95% alcohol. 0.5 
ml of 10% glacial acetic acid was added per 100 ml solution. 
(ii) 0.05% Lithium carbonate 
0.05 g lithium carbonate was dissolved in 100 ml double 
distilled water. 
(iii) 0.5% Per-iodic acid 
0.5 g periodic acid was dissolved in 100 ml of double distilled 
water. 
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(iv) Schiff reagent 
1.0 g basic fuchsin was dissolved in 200 mi of boiling distilled 
water, removing the flask of water from the burner just before adding 
the basic fuchsin - this will avoid premature renovation of the laboratory 
in a deep megenta colour. 
The solution was allowed to cool to 50°C and 2.0 g of potassium 
metabisulphite was added with mixing. It was allowed to cool to room 
temperature, then 10 ml N-HCl was added, mixed well and thereaf ter , 
2.0 g activated charcoal was added. It was lef t overnight in dark at 
room temperature, filtered through No. 1 Whatman fil ter paper. Filtration 
was repeated till a clear straw coloured solution was obtained. It was 
stored in a dark container at 
(v) Acid alcohol solution 
3% HCl in 95% alcohol. 
3.10.5.(^.2 Procedure 
The sections were dewaxed with xylene, washed with absolute 
alcohol and then with 95% alcohol. Thereafter , the sections were kept 
in 0.1% luxol fast blue solution at 55-60°C for 18-2'^ hours followed 
by a rinse in double distilled water, and differentiation by immersing 
briefly in 0.05% lithium carbonate solution. Differentiation was continued 
in 70% alcohol until grey matter was paler than white matter. There-
a f t e r , the sections were returned briefly (20-30 seconds) to lithium carbo-
159 
nate. The differentiation with 70% alcohol was resumed until colourless 
grey matter contrasted sharply with blue, green, white substance. ' They 
were washed thoroughly with double distilled water, were kept in 0.5% 
periodic acid for 5-10 minutes, washed again with double distilled water 
and then were kept in Schiff reagent for 30-U0 minutes. The sections 
were then washed in running tap water for 10 minutes and counterstained 
with alum haematoxylin for 5 minutes. They were washed again in 
running tap water for 5 minutes, differentiated with acid alcohol, dehy-
drated with ascending grades of alcohol, cleared with xylene and mounted 
in DPX. The sections were examined with Orthoplan (Leitz) microscope. 
Myelin was blue to green, PAS positive substance exhibited magenta 
colour and the nuclei were dark blue. 
3.11 Transmission Electron Microscopic Studies; 
3.11.1 Reagents 
(i) Paraformaldehyde-glutaraldehyde fixative 
(Karnovsky, 1965) 
Stock solutions 
Solution a: 
Paraformaldehyde (Analar grade) U g was dissolved in 50 ml 
double distilled water by heating to 60°C with continuous stirring in 
a covered beaker to avoid evaporation. 1 N NaOH was added dropwise 
with stirring until the solution became clear. 1-5 drops would be sufficient. 
Thereafter, the solution was cooled under running tap water. 
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Solution b: Cacodyiate buffer (0.2 M, pH 
0.2 M solution of sodium cacodyiate (labelled as cacodyiate 
acid sodium salt) was prepared by dissolving i^.lZ g of the salt in 100 ml 
double distilled water. Another solution prepared was 0.2 N HCl. 50 ml 
of the former solution was mixed with 2.7 ml of HCl solution and the 
pH was checked and adjusted to 7A. 
Working solution: 
To 50 ml of solution a, 20 ml of 25% glutaraldehyde was 
added. Thereafter, the volume was made to 100 ml with buffer (solution b) 
solution and 50 mg anhydrous calcium chloride was added to the solution. 
The pH of the solution was adjusted to 7A. 
This final solution was 5 per cent with respect to glutaraldehyde, 
^ per cent with respect to paraformaldehyde, and is in a 0.1 M cacodyiate 
buffer, pH 7A. It should be used when fresh. 
(ii) Buffered osmium tetraoxide (2%) 
A It per cent solution of osmium tetraoxide was prepared 
by dissolving a 1.0 g capsule of osmium tetraoxide in 25 ml of double 
distilled water. The capsule was broken carefully in a hood over a 
jar containing water. It was left overnight, and stored in a refrigerator. 
To obtain buffered osmium tetraoxide, 5 ml of this solution was mixed 
with 5 ml of cacodyiate buffer (0.2 M). 
(iii) Plastic embedding media (Moolenhauver, 196^^ ) 
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(a) Stock mixture 
25 ml of Epon 812, 15 ml of Araldite and 3 ml of dibutyl-
phthalate (DBF) were mixed together and thoroughly shaken for proper 
mixing. 
(b) Working mixture 
Stock mixture 9 ml, dodecenyl succinic anhydride (DDSA) 
11 ml and 2,'^,6-tridimethyl-aurinomethyl phenol (DMP - 30) 30 drops 
were mixed together. 
The DBF is called 'plasticizer* and it controls the hardness 
of the final block, DDSA, the 'hardner' and DMF-30, the 'accelerator ' . 
(v) Uranyl aceta te (Watson, 1958) 
Uranyl ace ta te I g was mixed with 100 ml double distilled 
water in 250 ml conical flask. The mixture was shaken several times 
and was kept overnight for complete dissolution. It was then filtered 
through a filter paper and stored in a glass-stoppered bottle in a refr i -
gerator. 
(vi) Lead c i t ra te (Reynolds, 1963) 
1.33 g lead nitrate, 1.76 g sodium ci t ra te and 30 ml double 
distilled water were placed in a 50 ml volumetric flask. These were 
shaken intermittently for 1 minute. After about 30 minutes 8 ml 1 N 
NaOH was added. The suspension was then diluted to 50 ml with double 
distilled water and mixed by inversion. The resultant solution had an 
average pH about 12.0. 
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3.11.2 Procedure 
For transmission electron microscopy, the rats were perfused 
'm vivo' by the perfusion solution. Brain was removed and immersed quickly 
in Karnovsky's fixative (pH 7A). The brain was dissected out into different 
parts, i.e., hippocampus, hypothalamus, and cerebellum, and trimmed 
to small pieces of about I mm in thickness. The tissues were washed 
with the same fixative, with 2-3 quick changes, in order to wash out 
any adherent particles sticking on their outer surfaces. Small pieces 
of individual parts of the brain were separately kept overnight in 
Karnovsky's fixative at Later, these were washed in 0.1 M cacodylate 
buffer (pH lA) for 1 hour and postfixed in buffered osmium tetraoxide 
for 3 hours. The osmicated samples were washed several times in double 
distilled water and dehydrated with graded strengths of ethanol according 
to the following schedule. 
30% ethanol 
50% ethanol 
70% ethanol with uranyl ace ta te 
90% ethanol 
Absolute ethanol 
2:1 absolute ethanol and acetone 
1:2 absolute ethanol and acetone 
Pure acetone 
10 min. 
15 min. 
overnight 
20 min. 
min. 
1 hour 
1 hour 
1 hour (Two changes) 
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FoJlowing dehydration, the pieces were embedded at room 
temperature (23 ± TC), in a working plastic mixture according to the 
following schedule: 
2:1 absolute acetone and plastic mixture 1 hour 
1:2 absolute acetone and plastic mixture 2 hours 
Pure plastic mixture ... 1 hour 
The tissue pieces were then transfered to fresh plastic mixture 
in a polythene trough, and kept overnight in an incubator at 60-70°C 
for curing and polymerization of plastic. The blocks became ready 
for section cutting a f t e r two days. 
3.11.3 Cutting of ultrathin sections 
After trimming of the blocks, \ to 2 p- thick sections were 
cut on a LKB-ultratome III using glass knives made with LKB-knife 
maker device. The sections were stained with toluidine blue solution 
and the features identified in an optical microscope. The desired specific 
areas were selected and final trimming of the blocks carried out. Operating 
the ultratome (automatic and thermal feed) f i t ted with knives mounted 
on a metallic board, ultrathin sections (silver grey coloured) were obtained. 
The ribbons were spread by slowly moving a soft thin wooden bar, soaked 
in toluene for a few minutes, over them. When the wrinkles over the 
ribbon disappeared, it presented a smooth shining surface as viewed 
under the fluorescent lamp. 
S.tl.'^ Picking the ribbon of sections on uncoated copp>er grids 
The new copper grids (300 mesh) were first cleansed by 
immersing them in 1 N HCl for 3 to k minutes. They were thoroughly 
washed with double distilled water, thereaf ter , a few rinses in absolute 
ethanol were finally given. For picking up the ribbon, a clean copper 
grid was held with a fine forceps, and bent in a way so as to make 
an obtuse angle between it and the forceps. Kept in the same position, 
it was gently immersed in the water in the 'boat' and brought carefully 
under the ribbon. The shining surface of the grid was always kept 
facing upwards; one end of the grid was touched to an end of the ribbon, 
and with the help of an eye-lash, the entire ribbon was manipulated 
over the grid. The grid was then taken out of water with gradual 
tilting. Several rinses with clean double distilled water were given. 
Excess water was drained off by touching the grid on a surface of blotting 
paper piece. After drying, the gridis were immediately stored in a 
grid box. 
3.11.5 'On grid' staining of the ultrathin sections 
1-2 drops of lead ci t ra te were kept on a parafilm M sheet. 
Due to hydrophobic nature of the sheet material the stain drops remained 
well organized. The copper grid was taken from the grid box and keeping 
its shining surface (which had ribbon on it) facing down, was floated 
over the stain 'drop' and covered with a petridish. After to 5 minutes, 
the grid was removed and washed carefully for a few minutes with 
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double distilled water. The excess water was drained off , and the grid, 
a f te r drying, was ready for examination under a transmission electron 
microscope. 
3.11.6 Viewing sections under a transmission electron microscof>e 
The grid (with stained ribbons) was placed in the specimen 
holder, and inserted into the stage via the specimen airlock. The sections 
were examined under a Philips 'flO transmission electron microscope. 
After switching on the beam, a low scanning magnification was used 
to see most of the specimen. The regions of interest in the specimen 
were located, and moved to the centre of the screen. Appropriate 
magnifications were used and the photographs recorded. A check was 
made to ensure that the whole region to be photographed occupied the 
area of the plate format (marked on the viewing screen). Focussing 
was properly obtained, the image was checked to be 'stationary' , and 
the illumination made uniform, prior to exposure of sheet films. The 
exposed photographic films were removed from the electron microscope, 
and processed to obtain positive enlarged prints, the electron micrographs. 
3.11.7 Photographic apparatus and techniques 
3.11.7.1 Films 
For transmission electron microscopy, FU3I-orthochromatic 
sheet films (Japan) were used. 
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3.11.7.2 Photographic paper 
Photographic printing papers (Agfa-Brovira) of single weight 
thickness and bronnide emulsion were used. The contrast grades - soft , 
normal and hard were used for negatives of different densities. 
3.11.7.3 Processing of exposed films 
Room lights were switched off . The exposed plates from 
the electron microscope were transferred to the developing tank in 
red safe light. An identification number at the edge of each plate, 
on the emulsion side, was written using a soft grade lead pencil. Each 
plate was gently slided into the developer with emulsion side up for 
about ^ minutes at 10-20°C and manipulated with a plastic forceps. 
The solution used was filtered before use. 
(i) Kodak {D-19) negative developer 
Metol 
Hydroquinone 
Sodium sulphite (anhydrous) 
Sodium carbonate 
Potassium bromide 
Water to make 
2 g 
8 g 
90 g 
g 
5 g 
1000 ml 
A working solution was achieved by 1:2 dilution of the above stock 
solution with water . After developing the sheet films for the prescribed 
time, each plate was transferred to the water to rinse, in the order 
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in which they were immersed in the developer, to ensure consistent 
development of each plate. They were then kept in Agfa-30t acid 
fixing bath for about 10-15 minutes for fixation. 
(ii) Agfa-301 acid fixing bath for film 
Sodium thiosulphate (Hypo) ... 250 g 
Potassium metabisulphite ... 15 g 
Water to make ... ... 1000 ml 
After fixation, the sheet films were washed in running water for 30 
minutes, the plates were then dried in a vertical plane. A care was 
taken to ensure that the drying temperature does not exceed 
The plates a f te r being properly dried, were placed individually in 'tissue 
paper' negative envelops and stored. 
3.11.8 Technique for enlargement 
A negative sheet film was inserted into the negative carrier 
of an enlarger (KB Products, India Ltd.) with emulsion side facing the 
easel (paper holder). The easel was adjusted to the required size of 
the enlargement. Safe lights were switched on, and the room light 
put off . The enlarger lens was set to maximum aperture (diaphragm 
fully open). After switching on the enlarger light source, the focus 
was adjusted so that an image of desired magnification was obtained 
on the easel. The enlarger lens was 'stopped down' (according to own 
experience) and af te r putting the selected sheet of a particular grade 
of paper, an exposure was given. The exposed paper was developed 
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for about 1-2 minutes at 18°C through the following solution, 
(i) Agfa-100 standard paper developer 
Metol 1 g 
Sodium sulphite (anhydrous) 13 g 
Hydroquinone 3 g 
Sodium carbonate (anhydrous) 26 g 
Potassium bromide ... 1 g 
Water to make 1000 ml 
Steady agitation was done throughout the development. The paper was 
lifted out of the developer and when excess developer drained off , it 
was transferred to stop-bath for 15 seconds. The paper was carefully 
moved in the bath with forceps. 
(ii) Agfa-200 acetic acid stop-bath 
Glacial acetic acid ... 
Water to make 
20 ml 
1000 ml 
The paper from the stop-bath was transferred to the fixer for about 
5-10 minutes and agitated steadily throughout. 
(iii) Agfa-300 acid fixing bath for printing 
Sodium thiosulphate (Hypo) 
Potassium metabisulphite 
Water to make 
200 g 
20 g 
1000 ml 
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After fixing, the enlarged prints were thoroughly washed with running 
tap-water for the rennoval of the fixing solution. Normally, they were 
washed for about 1-2 hours. Thereafter, the prints were transferred 
to a final water rinse containing a few drops of wetting agent (e.g., 
'Teepol' or Kodak 'Photoflo') and agitated for about a minute. In the 
end, the prints were removed from the water rinse, excess of water 
drained off , and dried on the electrically heated glazing sheet. The 
tendency to curl af ter drying and glazing was considerably reduced by 
storing the prints face-to-face, in pairs. 
3.12 Statistical Analysis: 
The data were analysed using Student's ' t ' test . Significant 
differences between means obtained in different age groups and significant 
differences between means of experimental and control groups were 
calculated and 'P' values were obtained. Additionally, the data were 
also analysed by two-way analysis of variance (ANOVA) to determine 
(i) Significant difference between ages, (ii) significant differences between 
control and experimental animals of the same age group. They were 
compared by "F" test . The 0.05 level was selected as the point of 
minimal statistical significance in every comparison. 
RESULTS 
Fig. 'f.l Representation of relationship Between body weight and age 
of albino rat (Charles Foster) 
Fig. k.2 Representation of relationship between brain an^ age 
of albino rat (Charles Foster) 
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4-3 (b) 
Fig. 4.4 (a) G a s t r i c m u c o s a l s u r f a c e s t o m a c h (Con t ro l ) 
Fig. 4.4 (b) G a s t r i c m u c o s a l s u r f a c e of r a t s t o m a c h ( S t r e s s e d ) 
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17^ 
and spinal cord of rats with age following 24 hours continuous restraint 
stress and protection by citioione. 
1^.2.] Lipid profiles: Effec ts of age and restraint stress 
The data embodied in Tables 4.) - represent the age-
associated alterations of total lipids, phospholipids, cholesterol, triglycerides, 
gangliosides in the different regions of the rat brain and spinal cord 
af ter hours restraint stress. 
it.2.1. t Total lipids 
The levels of total lipids in various regions of rat brain 
and spinal cord are depicted in Table 'f.l. In 3 months old rats, the 
amount of total lipids in different regions of the CNS showed the rank 
order: spinal cord ^ brain stem ^ h y p o t h a l a m u s ^ h ippocampus^ cerebrum 
^ cerebellum. 
a . Effect of age: With increasing age, however, the content of 
total lipid in all the brain regions and spinal cord increased significantly. 
The level of total lipid was higher in hypothalamus (2.33 fold) in comparison 
to hippocampus (2.25 fold), cerebellum and brain stem (2.17 fold), cerebrum 
(2.15 fold) and spinal cord (1.96 fold) in months old rats as compared 
with 3 months old rats. 
b. E f f e c t of r e s t r a i n t s t r e s s : Alter 2>i hours restraint stress the 
content of total lipids were decreased significantly in hypothalamus, 
cerebellum, brain stem (P 0.01; 0.001), hippocampus, cerebrum and 
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spinal cord { P < 0 . 0 5 ; 0.01; 0.001). A N O V A revealed that the difference 
between the ages was significant (P<C 0.001) and between the control 
and experimental animals of the same age group was also significant 
0.001) in various regions of CNS, and interaction between ages and 
between control and experimental group of different regions was also 
highly significant (P<^0.001) except for hippocampus (P<^0.01). 
<>.2.1.2 Phospholipids 
Table k.2 shows that the amount of phospholipid varied in 
different parts of brain and spinal cord of 3 months old rats. Phospholipid 
level was the highest in spinal cord (75.29 mg/g tissue weight) and the 
lowest in cerebellum (55.72 mg/g tissue weight). 
a . E f f e c t of age : Phospholipid content were significantly elevated 
with the passage of time. When 24 months old rats were compared 
with 3 months and 12 months old rats, the elevation of phospholipid 
in hypothalamus was 115%, 20%; hippocampus - 116%, 19%; cerebrum -
101%, 17%; cerebellum - 117%, 18%; brain stem - 106%, 21%; and 
spinal cord - 73%, 13% (Table 4.2). 
b. E f f e c t of r e s t r a i n t s t r e s s : Phospholipid levels were decreased 
significantly in various regions of C N S after 24 hours continuous restraint 
stress ( PC^ 0.05; 0.01; 0.001). A N O V A showed significant difference 
in ages and control and experimental groups of same age group ( P < ^ 
0.001) and interaction between ages and control and experimental group 
was significant in hippocampus, hypothalamus, cerebellum, brain stem 
(P<^ 0.001) and cerebrum (P<^0.01 ) but not significant in spinal cord . 
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4.2.1.3 Cholesterol 
The data presented in Table 4.3 indicate the age-related 
as well as restraint stress-induced changes in cholesterol levels in different 
regions of CNS. The cholesterol level v/as the lowest in the cerebrum 
and in other regions they were in the following rank order: spinal cord 
^ brain stenn ^ hypothalamus ^ hippocampus ^ce rebe l l um. 
a . E f f e c t of a g e : The amount of cholesterol was increased significantly 
with age in all the regions of CNS . When 24 months old rats were 
compared with 3 months old rats, the rate of increase was the highest 
in the hypothalamus (2.17 fold) followed by brain stem (2.05 fold), hippo-
campus (1.97 fold), cerebellum (1.88 fold), spinal cord (1.87 fold) and 
the lowest in cerebrum (1.70 fold). 
b. E f f e c t of r e s t r a i n t s t r e s s : Twenty-four hours restraint stress 
depleted the level of cholesterol in various regions of brain and spinal 
cord of aged rats. The maximal progressive inhibition of cholesterol 
was in hypothalamus ( -18% to -29%) and the lowest in brain stem ( -11% to 
- 21% ) when experimental animals were compared with control ones. 
A N O V A of all the regions of C N S showed the difference between ages 
and difference between control and experimental animals of the same 
age group highly significant (P<^ 0.001) and interaction in hypothalamus, 
brain stem and spinal cord was highly significant (P<^ 0.001), but in 
hippocampus it was moderately significant 0.01) and in cerebrum 
it was significant (P<0.05). 
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Triglycerides 
The amount of triglyceride in various regions of C N S of 
3 months old rats is given in Table kA . The levels of triglyceride 
in different regions of the brain and spinal cord were found to vary 
in the increasing order: cerebellum - cerebrum - hippocampus - hypothala-
mus - brain stem - spinal cord. 
a . E f f e c t of a g e : With increasing age the content of triglyceride 
in all the regions of C N S was elevated significantly (P<^ 0.01; 0.001) 
when other age groups were compared with 3 months old rats (Table 
b. E f f e c t of r e s t r a i n t s t ress : After 24 hours restraint stress the 
amount of triglyceride was depleted significantly in hypothalamus, hippo-
campus, cerebrum, cerebellum, brain stem and spinal cord ( P ' x 0.01; 
0.001) in all the age groups. A N O V A revealed that the difference between 
ages and difference between control and experimental animals of the 
same age group was significant 0.001) in various regions of C N S 
and interaction in different regions is also highly significant 0.001) 
except cerebellum and spinal cord (P<0.01). 
4.2.1.5 Gangiiosides 
Table 4.5 shows that the levels of ganglioside varied in different 
parts of brain and spmal cord of 3 months old rats. Ganglioside amount 
was the highest in hypothaldrnus and the lowest in spinal cord. 
a . E f f e c t of age : Age-associated alterations in gangiiosides were 
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found increased significantly at the age of 2k months when compared 
with 3 months old rats, but when compared with 18 months old rats 
ganglioside level in different parts of C N S showed diminution. When 
the ganglioside levels of months old rats were compared with those 
of 3 months and 12 months old rats, elevation was found in hypothalamus 
(+61%, +0.73%), cerebrum (+61%, +1.86%), hippocampus (+55%, 
cerebellum (+55%, +0.52%), brain stem (+52%, +1.28%) and spinal cord 
{+1+^-%, +QA7%), respectively. Interestingly, depletion of ganglioside content 
was found in hypothalamus (-1^^.08%), cerebellum (-11.87%), cerebrum 
(-10.25%), hippocampus (-9.06%), brain stem (-8.58%) and spinal cord 
(-6.85%) when the comparison was between 18 months and 24 months 
old rats. 
b. E f f e c t of r e s t r a i n t s t ress : Ganglioside levels decreased significantly 
in various regions of C N S after 2^ ^ hours continuous restraint stress 
(P<^ 0.05; 0.01; 0.001). A N O V A showed significant difference in ages 
and control and experimental animals of the same age group (P<^ 0.001) 
and interaction between ages and control and experimental group was 
significant in hippocampus, hypothalamus, cerebrum, cerebellum (P<C 
0.001) and less significant in brain stem and spinal cord (P<^ 0.05). 
k.2.2 Lipid peroxidation products: Effect of age , restraint stress 
and citiolone 
The data depicted in Tables 4.6 - 4.9 represent the age-
related changes ol lipid peroxide, lipid hydroperoxide, conjugated dienes 
and lipofuscin pigment in the different regions of the brain and spinal 
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cord of rats following hours continuous restraint stress. The protective 
effect of citiolone on lipid peroxide, lipid hydroperoxide and lipofuscin 
are depicted in Fig. -
Lipid peroxide 
The levels of lipid peroxide in various brain regions and 
spinal cord are given in Table k.6. In 3 months old rats, the content 
of lipid peroxide was the lowest in brain stem and the highest in hypo-
thalamus. The magnitude of difference between these two regions was 
nearly 1.16 fold. The levels of lipid peroxide in various brain regions 
showed values increasing in the following order: brain stem - cerebrum -
cerebellum - spinal cord - hippocampus - hypothalamus. 
a . E f f e c t of age : It may be seen from Table that the levels 
of lipid peroxide were progressively increased in ageing in all the brain 
regions but their levels varied significantly. The level of lipid peroxide 
was always higher in cerebellum with a maximum increase of 2A5 fold 
followed by hypothalamus, hippocampus, cerebrum, brain stem and spinal 
cord having the increment of 2.36, 2.33, 2.32, 2.18 and 2.1^ fold respective-
ly in decreasing order when 2'f months old rats were compared with 
3 months old rats. 
b. E f f e c t o l r e s t r a i n t s t r e s s : After continuous 2k hours restraint 
stress, the lipid peroxide levels were progressively elevated in various 
regions of C'Nb in aged rats. The mcrease in lipid peroxide contents 
in hypothalamus was (+18% to 32%), hippocampus (+16% to 31%), cerebrum 
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Fig. It.5 Lipid peroxide levels evaluated in hippocampus and hypothalannus 
of rats aged (3,6,12,18 and months) following restraint 
stress; administration of N-acetylhomocysteine thiolactone 
(citiolone) (8.0 mg/kg body weight, i.p. for 7 days); and citiolone 
following restraint stress for hours. 
P * < 0.05; * * < 0.01; * * * < 0.001 
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Fig. if.S Lipid peroxide levels evaluated in cerebrum and cerebellum 
of rats aged (3,6,12,18 and 2'f months) following restraint 
stress; administration of N-acetylhomocysteine thiolactone 
(citiolactone) (8.0 mg/kg body weight, i.p. for 7 days); and 
citiolone following restraint stress for 24 hours. 
P * < 0.05; ** < 0.01; *** < 0.001 
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(+19% to 29%), cerebellum (+17% to 30%), brain stem (+15% to 27%) 
and spinal cord (+15% to 26%) when experimental rats were compared 
with control ones. A N O V A revealed that the difference between the 
ages and difference between the control and experimental animals of 
the same age group was significant(P<C 0.001) in various regions of CNS, 
and interaction between ages and between control and experimental 
group was also highly significant (P<^ 0.001) in hypothalamus, hippocampus 
and cerebrum, while it was less significant 0.01) in cerebellum, 
brain stem and spinal cord. 
c . E f f e c t of c i t io lone : A significant depletion in the lipid peroxide 
level was observed in various regions of brain and spinal cord of aged 
rats when they were administered citiolone (8.0 mg/kg body weight) 
intraperitoneally for 7 days (P<\ 0.05, 0.01, 0.001). Interestingly, when 
citiolone treated rats were kept under restraint stress for 2'f hours 
continuously prior to their sacrifice, a remarkable protection against 
the elevation of the lipid peroxides was observed (Fig. - if.7). The 
level of lipid peroxide was found to be near to the control values in 
all the regions of CMS of all age groups. 
U.2.2.2 Lipid hydroperoxide 
The amount of lipid hydroperoxide found in various regions 
of C N S of 3 months old rats is given in Table ^.7. The lipid hydroperoxide 
levels were the highest in the hypothalamus followed by in decreasing 
order, spinal cord, hippocampus, cerebellum, cerebrum and brain stem. 
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a . E f f e c t of a g e : Wjth increasing age, the contents of lipid hydroper-
oxide in all the regions of the C N S increased significantly. The levels 
of lipid hydroperoxide were elevated and the values were found the 
highest in the cerebellum O.kG fold) in months old rats when compared 
with 3 months old rats. The other brain parts showed 3.29 to 2.72 
fold increase in the oldest group (24 months) when compared with the 
youngest group (3 months) (Table > .^7). 
b. E f f e c t of r e s t r a i n t s t ress : Restraint stress induced lipid hydroper-
oxide elevation was observed in various regions of brain and spinal cord 
of all the age groups. The levels of lipid hydroperoxide were elevated 
progressively with age after 2k hours restraint stress in hippocampus 
(+15% to +29%), hypothalamus (+16% to +30%), cerebrum (+1^^% to +27%), 
cerebellum (+15% to +31%), brain stem (+1^^% to +26%) and spinal cord 
(+16% to +28%) when 3 months and 2k months old experimental rats 
were compared with control rats of the same age group. A N O V A of 
all the regions of C N S showed the difference between ages and difference 
between control and the experimental animals of the same age group 
was highly significant ( P ' x 0.001) and interaction was highly significant 
in hypothalamus and cerebellum (P 0.001), moderately significant in 
hippocampus and cerebrum (P 0.01), less significant in brain stem 
(P<^ 0.05) and in spinal cord the interaction was not significant. 
c . E f f e c t of c i t io lone : When citiolone (8.0 mg/kg body weight) 
was administered uitrapentonedlly for 7 days, a significant change in 
the values of lipid hydroperoxide was noticed in different regions of 
1 9 1 
<n 
C 
0 
"ob 
i) 
01 
c 
u CO 
o u 
13 c 
e 0) 
10 
c 
L. 
CO 
£ D 
1 <U L. OJ 
U 
£ 
3 L. 
Xi (U u 
U 
tA 3 
£ fO 
£ 
X 
V) 3 Q. 
£ 
i a 
ir 
o 
(/> 
* u * U * u * 00 ON <N CTN r^ rn 00 CN VD vo ' — 0 
• • .— — .— (N — rxi CN +1 +1 - +1 •H +1 +1 +1 
M> rM 00 0 MD VO - — (N c}- C3^  -a- 00 ,— •a- 0 00 VD 00 VD cr^  \D f-l 
d ro rn 00 00 CM m (N fN (N CM •3-
* * tO * u * u * u * ci- t»N • — 00 CN 00 00 CTN vO in CN (N C'N 0 •a- in 
d -J d — ! (NJ CN CNJ — (NJ +1 +1 +1 +1 +1 +1 +1 -H •H -H ON CfN NO NO •a- r<N r^  t^ f^ 00 0 ON in CN NO in rr\ ON 
IvT ON (N d d d CTN (N1 ro in •a- in 
* * 
* * * * u * u * u * U * 0^  ro (N 00 00 in CN 00 ro — in NO r^ — NO — 
d .— CN (Ng CN <N CN CO +1 +1 +1 +1 +1 +1 +1 +1 +1 •H 0 •a- ON in CN CN 00 00 .— NO 00 -a- NO m in NO <50 ON ON ON — — in 00 ro 
CT\ d 00 in 00 ^ 00 d CN f'N CN in in NO ON 
* * * JD * u * u * u * 00 ON rM rO in CN in <JN in vC CN in in NO 00 
d d 1— .— CN CN (N CN +1 +1 +1 +1 - +1 +1 +1 +1 +1 so .— ON in •a- 0 00 00 t— 
0 0 vd ON ON — CN 00 CNJ 00 ON NO ro NO ^ — CN 
vd ON d cnj d in in rNj cnj r^ ^ in in NO 
* 
* * * * u * U * u * u * 
cm (n r-j ON r^ 00 NO in -a- no 
0 •a- 0 r'N NO in 00 0 00 
• • 
* — (n 1—• cm CN CN CN +1 +1 +1 •H + ( +1 +1 +1 +1 
on 00 00 0 CN 00 00 •sO m> ON vn oN 00 ON VD r^ <N in CN 
• • 00 in CO CN NO 0 c;n no 
cnj ro •Cj- in no 00 00 0 
* • 
* * 
U * U * u * 
(n 00 fS 00 t^ <n on CN 
0 h-. — r'N 00 CO — no in 
• (n cnj cnj (N rO cnj 
• +1 +1 +1 +1 +1 +1 +1 +1 +1 
<3n vo 00 0 0 fN >n in 
cr\ 0 m 00 (N 00 CN 00 on 
(m on CN ON en ^ 00 c> 
d rN ND rO (nI NO d cn — 
(n (N CM r^ ^ m m r v . no 00 
X X X X u 
X 
U OJ (J UJ u lU U UJ UJ 
10 
•H C o 
e 
ro 
V) 
JZ •M C 
o 
£ 
10 
JC •M 
c o 
£ 
r>4 
10 £ •M C 
o 
£ 
00 
I/) jr •M c 
i 
•3-CM 
lU 
To > 
x: 
u 
n] dJ 
(U 13 10 in 
00 
"oT 
X 
o 
<u CL 
o 1-T3 
<v c 
E D U 
o 
E 
to 
§ § 
OJ o 
to D. D O 
00 
<u 
00 (0 
c <u 
•O 
c 
5 
•O c 
(d (U Q-
X> X 
<D V 
in 
tu 
in 
(0 +1 
</i c 
— ta 3 ^ 
U 
a: (T3 
1 § 
II 
5 S o 
S -i 
I >5 
^ o O 
^ u 
I I 
X 
fO O 
jir y d 
o 
§ ^ ' 
u ^ ^ 
u I 
£ 5 
c O 
8 v c * 
<D * <D 
v lo <U o 
jD • O 
' y 
CJ 
.£ CL 
m 
0) 
a) IV ^ aO <0 
O OJ 
^ E 
I ' 
to <u 
03 o y « lO (7) 
to +-» 
tn C (U 0) 
00 c <13 .5 
C dl ID Q. <U X 
3: a; •I-' 0) x) s rO 
(U 
C 
o u 
x: 
U I D — 
^ 2 
.. 
> D O-o -3 
Z u 
< s (0 u 
u :ii! c c 2 op u to 
Q. D 
o u 00 
<U DO <0 
HH aj 
o . . E 
V, O 
> ^ 0 J , 
"Vo 
> > a , to ^ 
o > c 
lO 
Fig. Lipid hydroperoxide levels estimated in hippocampus and hypo-
thalarnus of rats aged (3,6,12,18 and 2k months) following 
Ik hours restraint stress; administration of N-acetylhomocysteine 
thiolactone (citiolone) (8.0 mg/kg body weight, i.p. for 7 days); 
and citiolone following restraint stress for hours. 
P * < 0 .05; ** < 0 .01; *** < 0.001 
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Fig. U.9 Lipid hydroperoxide levels estimated in cerebrum and qerebelJum 
of rats aged (3,6,12,18 and months) following hours 
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Fig. ^.10 Lipid hydroperoxide levels estimated in brain stem and spinal 
cord of rats aged (3,6,12,18 and months) following hours 
restraint stress; administration of N-acetylhomocysteine thiolactone 
(citiolone) (8.0 mg/kg body weight, i.p. for 7 days); and citiolone 
following restraint stress for m hours. 
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CNS of aged rats when compared with their respective control values 
(P<^ 0.05, 0.01, 0.001), whereas, a remarkable protection against the 
effects of restraint stress in lipid hydroperoxide levels in different regions 
of brain and spinal cord of citiolone treated stressed aged rats was 
discernible (Fig. ^.8 - 'f.lO). 
1^.2.2.3 Conjugated diens 
The data presented in Table f^.S indicate the age-related 
as well as following restraint stress induced changes in conjugated dienes 
levels in different regions of CNS. The conjugated dienes content was 
the lowest in brain stem and the highest in hypothalamus. 
a. Effect of age: The amount of conjugated dienes increased 
significantly with age in all the regions of CNS. The rate of increase 
was the highest in the hypothalamus (3.42 fold) followed by hippocampus 
(3.05 fold), cerebellum (3.03 fold), cerebrum (2.79 fold), brain stem (2.72 
fold) and spinal cord (2.59 fold). 
b. Ef fec t of restraint stress: Twenty-four hours restraint 
stress induced changes in the levels of conjugated diens in 
various regions of brain and spinal cord of aged rats are 
depicted in Table i^.i. The maximal elevation of conjugated 
dienes in hypothalamus (+17% - +31%), and the lowest in spinal 
cord (+13% - +27%) when experimental aninials were compared with 
control ones. ANOVA of all the regions ot brain and spinal cord showed 
the difference between ages and difference between control and experi-
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mental animals of the same age group highly significant (P 0.00!) 
and interaction was highly significant in hippocampus, hypothalamus, 
cerebellum (P 0.001), moderately significant in cerebrum and spinal 
cord (P<C 0.01) and less significant in brain stem (P<^ 0.05). 
Lifxjfuscin 
Table 4.9 shows tha t the amount of Upofuscm varied m di t terent 
parts of brain and spinal cord of 3 months old rats . Lipofuscin level 
was the highest in hypothalamus (7.362 unit/g tissue weight) and the 
lowest in rest of cerebrum (4.660 unit/g tissue weight). 
a . Ef fec t of age: Age-associated alterations in lipofuscin levels were 
found significantly increased. When 24 months old rats were compared 
with 3 months and 12 months old rats, the elevation was in spinal cord 
(+367%, +53%), cerebrum (+305%, +49%), cerebellum (+297%, +44%), 
hypothalamus (+282%, +51%), hippocampus (+279%, +52%) and brain stem 
( 263%, +49%). 
b. Ef fec t of restraint stress: Lipofuscin levels were increased signi-
ficantly in various regions of CNS a f t e r 24 hours continuous restraint 
stress (P 0.01; 0.001). ANOVA showed significant d i f ference in ages 
and control and experimental groups of the same age group (P<^ 0.001) 
and interaction between ages and control and experimental group is 
highly significant m all the regions ot (P<^ 0.001). 
c . Effect of o t io lonc : Fig. 4.11 - 4.13 show the e f t e c t ot citiolone 
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Fig. ' f . l l Lipofuscin levels determined in hippocampus and hypothalamus 
of aged rats (3,6,12,18 and months) following hours 
restraint stress; administration of N-acetylhomocysteine thiolactone 
(citiolone) {8.0 mg/kg body weight, i.p. for 7 days); and citiolone 
following restraint stress for 2k hours. 
P * < 0.05; ** < 0 .01; *** < 0.001 
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Fig. k.\2 Lipofuscin levels determined in cerebrunn and cerebellum of 
aged rats (3,6,12,18 and I'i months) following hours restraint 
stress; administration of N-acetylhomocysteine thiolactone 
(citiolone) (8.0 mg/kg body weight, i.p. for 7 days); and citiolone 
following restraint stress for 2'f hours. 
P * < 0 .05; ** < 0 .01; *** < 0.001 
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Fig. kA'i Lipofuscin levels determined in brain stem and spinal cord 
of aged rats (3,6,12,18 and months) following restraint 
stress; N-acetylhomocysteine thiolactone (citiolone) (8.0 mg/kg 
body weight, i.p. for 7 days); and citiolone following restraint 
stress for 21* hours. 
P * < 0 .05; ** < 0 .01; *** < 0.001 
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on the levels of hpofuscin in different regions of brain and spinal cord 
of aged rats (citiolone, 8.0 nng/kg b.wt., i.p. for 7 days). It was noticed 
that the lipofuscin contents were significantly reduced in different parts 
of the CNS ( P < 0.05, 0.01, 0.001). The maximunn inhibition (-29% to 
-21%) was found in hypothalamus, whereas, the mininnum inhibition (-22% to 
-14%) was noticed in the spinal cord when 3 months old and months 
old rats were compared with their respective control values. But it 
was interesting to note that there was no significant change in the 
contents of lipofuscin in all the regions of CNS of citiolone treated 
stressed aged rats as is evident from Fig. k.W-^Al) the levels of lipofuscin 
were seen to be near to their respective control values. 
tt.2.3 Antioxidant System: Effect of age, restraint stress and citiolone 
The results presented in Table 4.10 - 4.14 show the age-
associated alterations of total sulfhydryl group (T-SH), f ree or reduced 
glutathione (GSH), Protein-SH, glutathione oxidized (GSSG) and GSSG/GSH 
ratio in different regions of CNS following 24 hours continuous restraint 
stress, whereas the results depicted in Table 4.15 - 4.19 show the age-
related changes in the scavenger enzymes like superoxide dismutase, 
catalase, glutathione reductase, glutathione peroxidase and glutathione-
S-transferase in different parts of the CNS following 24 hours continuous 
restraint stress. hig. 4.14 - 4.20 show the e f fec t of citiolone on the 
above biochemical parameters except total sullhydryl and protein-SH 
roup. 
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U.2.3.1 Total sulfhydryl group (T-SH) 
The levels of total sulfhydryl group observed in various regions 
of brain and spinal cord of rats of different age groups are given in 
Table 4.10. The highest level of T-SH was found in hypothalamus followed 
by the cerebellum, hippocampus, cerebrum, brain stem and spinal cord 
of 3 months old rats. 
a . Effect of age: The content of total sulfhydryl decreased significantly 
with age. Maximal depletion in all the CNS regions was found in rats 
of 24 months of age. The highest changes were observed in hypothalamus 
(-33%) followed by cerebellum (-32%), hippocampus (-31%), cerebrum and 
spinal cord (-29%) and brain stem (-28%) when 24 months old rats were 
compared with 3 months old rats. 
b. Effect of restraint stress: Significant inhibition of total sulfhydryl 
group levels in various parts of CNS following 24 hours restraint stress 
was observed (P 0.05; 0.01; 0.001) (Table 4.10). ANOVA revealed 
that the difference between the ages was highly significant (P 0.001) 
and between the control and experimental animals of the same age 
group was also highly significant (P<^ 0.001), while interaction in different 
regions was not significant. 
tf.2.3.2. Free sulfhydryl group (GSH) 
The levels of free sulfhydryl or glutathione reduced are depicted 
in Table 4.11. In 3 months old rats, the amounts of GSH in different 
parts of the CNS were found to vary in increasing rank order; brain 
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stem < spinal cord cerebrum hippocampus cerebellum hypothalamus. 
a. Effect of age: With increasing age, the contents of GSH in various 
regions of brain and spinal cord were decreased significantly. The inhibition 
of GSH level in hypothalamus was highly significant (P \ 0.001) and 
less significant in hippocampus, cerebrum and cerebellum (P 0.01; 
0.001) and in brain stem and spinal cord the P values were less than 
0.05, 0.01, 0.001. 
b. Effect of restraint stress: After hours restraint stress, the 
contents of GSH were inhibited significantly in all the regions of CNS. 
The maximal reduction of GSH was in cerebellum (-20% - -35%) and 
the lowest in spinal cord (-17% - -28%). ANOVA of all the regions 
of CNS showed the difference between ages and difference between 
control and experimental animals of the same age group was highly 
significant (P<^ 0.001), whereas the interaction in different regions was 
not significant. 
c. Effect of citiolone: Citiolone administration (8.0 mg/kg b. wt., 
1.p. for 7 days) was found to induce significant increment of GSH contents 
in different regions of brain and spinal cord of aged rats (P<^0.01; 
0.001) as has been described in Fig. However, protective effect 
of citiolone against restraint stress induced inhibition of GSH in different 
parts of CNS of aged rats which were kept under restraint stress for 
hours before their killing showed a significant change m the GSH 
contents in cerebrum (P<^ 0.01), cerebellum, brain stem and spinal cord 
206 
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Fig. Free sulfhydryl group (GSH) levels evaluated in the various 
regions of aged rat (3,6,12,18 and months) CNS following 
the e f fec t of ageing ( O ) ; restraint stress ( • ) ; N-acetylhomocys-
teine thiolactone (citiolone) ( • ); and citiolone following restraint 
stress ( • ) for 2k hours. 
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(P 0.05), but hippocampus and hypothalamus showed no significant 
change in lU^  months old rats. 
1^.2.33 Protein-SH 
The amount of protein-SH in various regions of CNS of 3 
months old rats is given in Table ^.12. The protein-SH content v/as 
more uniform in the regions studied. In 3 months old rats the levels 
of protein-SH in different parts of brain and spinal cord were found 
to vary in the order: hypothalamus> cerebellum> cerebrum> hippocampus> 
brain s t e m > spinal cord. 
a. Effect of age: With increasing age the contents of protein-SH 
in all the regions of CNS depleted significantly (P'CO.OI; 0.001) when 
21* months old rats were compared with 3 months old rats (Table ^^.12). 
b. Effect of restraint stress: Table 4.12 depicts that the amount 
of protein-SH was decreased progressively following 2^ ^ hours restraint 
stress. The maximal inhibition of protein-SH was in hypothalantus (-23% -
-32%) and the lowest in brain stem (-15% - -27%) when 3 months and 
24 months old experimental rats were compared with control ones of 
the same age group. ANOVA of all the regions of CNS showed the 
difference between ages was highly significant (P <^0.001) and difference 
between control and experimental animals of the same age group was 
also significant (P<^O.OOI), but the interaction in all parts of CNS was 
not significant. 
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H.2.3A Glutathione oxidized (GSSG) 
The levels of glutathione oxidized (GSSG) in various brain 
regions and spinal cord of different age groups following hours restraint 
stress are given in Table In 3 months old rats the content of 
glutathione oxidized was the lowest in spinal cord and the highest in 
cerebellum. The magnitude of difference between these two regions 
was nearly 1.17 fold. The levels of GSSG in various regions of CNS 
showed values increasing in the following order: spinal cord - brain 
stem - cerebrum - hypothalamus - hippocampus - cerebellum. 
a. Effect of age: It may be seen from Table that the levels 
of GSSG were progressively increased with ageing in all the brain regions. 
The amount of GSSG was higher in brain stem with a maximum increase 
of 1.^3 fold in comparison to hypothalamus, cerebellum, hippocampus, 
spinal cord and cerebrum having the increment of 1.36, 1.33, 1.29, 1.27 
fold respectively, in 2k months old rats as compared with 3 months 
old rats. 
b. Effect of restraint stress: Restraint stress induced GSSG elevation 
was observed in various regions of brain and spinal cord of all the age 
groups. The levels of GSSG were elevated progressively a f te r 24 hours 
restraint stress in hippocampus (+20% - +35%), hypothalamus (+21% -
+36%), cerebrum (+18% - +31%), cerebellum (+22% - +39%), brain stem 
(+20% - +28%) and spinal cord (+18% - +29%). ANOVA of all the regions 
of CNS showed the difference between ages and difference between 
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Fig. Oxidized glutathione (GSSG) levels estimated in the various 
regions of aged rat (3,6,12,18 and l^i hours) CNS follovv/ing 
the e f fec t of ageing (O ); restraint stress ( • ); N-acetylhonnocys-
teine thiolactone (citiolone) (8.0 mg/kg body weight, i.p, for 
7 days) ( • ); and citiolone following restraint stress ( B ) for 
2k hours. 
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control and experimental animals of the same age group was highly 
significant. (P<C 0.001) and interaction was highly significant in hypo-
thalamus and cerebellum (P 0.001), less significant in hippocampus 
(P-^O.OI), cerebrum, brain stem and spinal cord (P<;0.05). 
c. Effect of citiolone: It is noteworthy that a significant depletion 
in the GSSG levels was observed in various regions of CNS of aged 
rats which were administered citiolone (8.0 mg/kg b. wt., i.p.) for 7 
days alone (P<^ 0.001). When citiolone exposed rats were kept under 
stress for hours continuously prior to their sacrifice, a remarkable 
protection against the elevation of GSSG was noticed in all the regions. 
Significant change in the GSSG contents was observed in different regions 
of the CNS in different age groups of rats ( P < 0 . 0 1 , 0.001) (Fig. 4.15). 
4.2.3.5 GSSG/GSH 
The ratio of GSSG/GSH in various regions of brain and spinal 
cord in different age groups following hours restraint stress is given 
in Table 'f.l 'f. The GSSG/GSH ratio was the highest in the brain stem 
followed by spinal cord - cerebrum - cerebellum - hippocampus - hypo-
thalamus. 
a. Effect of age: With inceasing age, from 3 months to months, 
the GSSG/GSH ratio was increased in all the regions of CNS in the 
following order: hypothalamus (2.33 fold), hippocampus (2.32 fold), brain 
stem (2.18 fold), cerebellum (2.10 fold), spinal cord (1.98 fold) and cerebrum 
(1.9'f fold) when months old rats were compared with 3 months old 
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rats. 
b. Effect of restraint stress: Elevation of GSSG/GSH ratio in the 
various parts of rat brain and spinal cord following hours restraint 
stress in different age groups was observed significant (P <^0.001). ANOVA 
revealed that the difference between ages and difference between control 
and experimental animals of the same age group was highly significant 
(P<^ 0.001), and interaction in different regions was also significant (P <C 
0.001). 
't.2.3.6 Superoxide dismutase (SOD) 
The activity of SOD observed in various regions of 3 months 
old rats brain and spinal cord is given in Table ^.15. The highest activity 
of SOD was found in hypothalamus, followed by the spinal cord, cerebrum, 
brain stem, cerebellum, while the hippocampus showed the lowest activity. 
a. Effect of age: The SOD activity decreased significantly with 
age. Maximal depletion in all the CNS regions was found in the rats 
of 2k months of age. The highest change was observed in cerebellum 
(-79%) followed by hypothalamus (-7^%), hippocampus (-72%), cerebrum 
(-70%), brain stem (-6S%) and spinal cord (-67%) (Table ^.15). 
b. Effect of restraint stress: After 24 hours restraint stress, SOD 
activity was inhibited significantly in various regions of CNS of different 
age groups (P 0.001). ANOVA showed significant difference in ages 
and control and experimental groups of the same age group (P<^0.001) 
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Fig. f^Aft SOD activity estimated in the various regions of aged rat 
(3,6,12,18 and months) CNS following the e f fec t of ageing 
( O ); restraint stress ( • ); N-acetylhomocysteine thiolactone 
(citiolone) (8.0 mg/kg body weight, i.p. for 7 days) ( • ); and 
citiolone following restraint stress ( • ) for 2k hours. 
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and interaction between ages and control and experimental group was 
highly significant in all the regions of CNS (P<^0.001). 
c. Effect of citiolone: When citiolone (8.0 mg/kg b. wt.) was intra-
peritoneally administered for 7 days in different age groups of rats, 
it was observed that it induced significant increment of the SOD activity 
in different regions of brain and spinal cord (P<^0.01, 0.001). On the 
other hand when the citiolone exposed rats were kept under restraint 
stress for hours prior to their sacrifice, there was no significant 
change in the SOD activity in any of the investigated regions of CNS 
as is evident from the Fig. 't.lS. 
k.2.3.7 Catalase 
The specific activity of CAT in different regions of the 
brain and spinal cord of 3 months old rats is given in Table ^.16. The 
CAT activity was the highest in the hypothalamus and the lowest in 
the spinal cord. The magnitude of difference in the CAT activity between 
these two regions was found to be nearly 2.16 fold. 
a. Ef fec t of age: With the passage of time, from 3 months to 
2!^  months, the catalase activity was depleted in ail the regions of CNS, 
in the following order: hypothalamus (2.76 told), hippocampus {2M fold), 
cerebrum (2.'^6 fold), cerebellum (2.16 fold), brain stem (1.6^ fold) and 
spinal cord fold) (Table ^.16). 
b. Effect of restraint stress: Significant inhibition of catalase activity 
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Fig. Catalase activity estimated in the various regions of aged 
rat (3,6,12,18 and 2k months) CNS foilovv'ing the e f fec t of 
ageing (O) ; restraint stress ( • ) ; N-acetyihomocysteine thiolactone 
(citioione) (8.0 mg/kg body* v/eight, i.p. for 7 days) ( • ); and 
citiolone following restraint stress ( • ) for m- hours. 
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in the various parts of CNS following hours restraint stress was 
observed (P < 0.05; 0.01; 0.001). ANOVA revealed that the difference 
between the ages and between the control and the experimental animals 
of the same age group was highly significant (P<^0.001), and interaction 
between ages and between control and experimental groups of different 
regions was highly significant in cerebellum (P<^ 0.001), less significant 
in hypothalamus (P<^0.01) and not significant in hippocampus, cerebrum, 
brain stem and spinal cord. 
c. Effect of citiolone: Administration of citiolone (8.0 mg/kg b.wt., 
i.p. for 7 days) to different age groups of rats when compared with 
their control counterparts, showed elevation in the activity of catalase 
(P < 0 . 5 J 0.01 j 0.001) in all the regions of CNS, with maximum and 
minimum values in cerebellum (+^^0%) and spinal cord (+17%), respectively 
(Fig. ^^.17). But in the case of citiolone exposed stressed rats no significant 
change in the activity of catalase was found in hypothalamus, cerebellum, 
brain stem and spinal cord. However, hippocampus (P<^0.01) and cerebrum 
(P<^ 0.05) showed significant change as compared with control values. 
'f.2.3.8 Glutathione reductase (GR) 
Table ^ .^17 shows that the specific activity of GR varied in 3 
months old rats in different parts of CNS. The highest activity of 
GR was found in the hippocampus and the lowest m the spinal cord. 
a. Effect of age: Specific activity of GR was measured in the 
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Fig. t^AZ Glutathione reductase (GR) activity estimated in ti^e various 
regions of aged rat (3,6,12,18 and months) CNS following 
the e f fec t of ageing (O ); restraint stress ( • ) ; N-acetylhomocys-
teine thiolactone (citiolone) (8.0 mg/kg body weight, i.p. for 
7 days) ( • ) and citiolone following restraint stress ( • ) for 
l^i hours. 
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rats of five age groups (3, 6, 12, 18 and 2k months). The peak activity 
of GR for all the brain regions and spinal cord was observed in 6 months 
old rats. However, with increase of age, the GR activity was decreased 
to the activity levels observed in rats of 3 months of age. Overall, 
the age-related changes in GR activity was significant in various regions 
of CNS (Table H.\7). 
b. Effect of restraint stress: Depletion of GR activity in the 
various parts of CNS following 2k hours restraint stress was observed 
to be significant (P 0.05; 0.01; 0.001). ANOVA showed significant 
difference in ages and control and experimental groups of the same 
age group was highly significant 0.001), whereas interaction between 
ages and control and experimental group was not significant in various 
regions of brain and spinal cord (Table ^.17). 
c. Effect of citiolone: When rats were exposed to citiolone (8.0 mg/kg 
b.wt., i.p. for 7 days), significant elevation of GR activity (P < 0.05, 
<^0.01) was noted in various parts of brain and spinal cord. A remarkable 
protection against the e f fec t of restraint stress was noticed on the 
GR activity in citiolone treated stressed rats (Fig. if. 18). 
<^.2.3.9 Glutathione peroxidase (GSHPx) 
Specific activity of GSHPx in various regions of brain and 
spinal cord of 3 months old rats is given in Table 4.18. The highest 
activity of GSHPx was observed in hypothalamus followed by spinal 
cord, brain stem, hippocampus, cerebellum and cerebrum. 
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a. Effect of age: The activity of GSHPx was measured in rats 
of five age groups (3, 6, 12, 18 and 2k months). The GSHPx activity 
decreased significantly in all the regions of brain and spinal cord (P <^0.05; 
0.01; 0.001) (Table i^.l8). 
b. Effect of restraint stress: After Ik- hours restraint stress, GSHPx 
activity was diminished significantly in various regions of CNS of rats 
of different age groups (P 0.01; 0.001). ANOVA of all the regions 
of CNS showed the difference between ages and difference between 
control and experimental animals of the same age group was highly 
significant (P<^ 0.001), while interaction in all the regions was not signi-
ficant . 
c. Effect of citiolone: Fig. shows significant elevation in the 
GSHPx activity (P<^ 0.05, 0.01, 0.001) in various regions of brain and 
spinal cord, the maximum elevation being in hypothalamus (+16%) and 
the minimum in brain stem (+1^^%), when citiolone was administered 
(8.0 mg/kg b.wt.) intraperitoneally for 7 days in aged rats (3, 6, 12, 
18 and 2k months old). But no significant protective e f fec t of citiolone 
aginst the restraint stress induced depletion of GSHPx activity was 
observed in citiolone treated stressed rats. 
Glutathione-S-transferase (GST) 
The specific activity of GST observed in various regions 
of 3 months old rat CNS, is given in Table 4.19. The highest activity 
of GST was found in cerebrum followed by hypothalamus, cerebellum, 
Fig. 'f.19 Glutathione peroxidase (GSHPx) activity evaluated in various 
regions of aged rat (3,6,12,18 and 2k nnonths) CNS following 
the e f fec t of ageing (O ); restraint stress ( © ); N-acetylhomocys-
teine thiolactone (citiolone) (8.0 mg/kg body weight, i.p. for 
7 days) ( • ); and citiolone following restraint stress ( @ ) for 
2k hours. 
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hippocampus, spinal cord and brain stem. 
a. Effect of age: The activity of GST showed age-associated decrease 
in the various regions of CNS. The reduction was maximum in hypothala-
mus -26%), followed by cerebellum (-40%; -25%), spinal cord 
(-39%; -27%), hippocampus (-39%; -24%), cerebrum (-38%; -24%) and 
spinal cord (-34%; -24%) when 24 months old rats were compared with 
3 months and 12 months old rats (Table 4.19). 
b. Effect of restraint stress: After continuous 24 hours restraint 
stress, the GST activity depleted in various regions of CNS in aged 
rats ( P < ] 0 . 0 1 ; 0.001). ANOVA of all the regions of CNS showed the 
difference between ages and difference between control and experimental 
animals of the same age group was highly significant (P<^0.001), whereas 
interaction in all the regions was not significant. 
c. • Effect of citiolone: When rats of different age groups were 
treated with citiolone (8.0 mg/kg b.wt., i.p. for 7 days), interestingly, 
the activity of GST was found to be enhanced significantly (P<^ 0.05, 
0.01, 0,001) in various regions of brain and spinal cord in comparison 
to their control counterparts (Fig. 4.20). But when citiolone treated 
aged rats were kept under restraint stress for 24 hours prior to their 
sacrifice, no significant change was noted in the activity of GST in 
ail the CNS regions. The activity of the enzyme was seen to be near 
the control value. Thus, no significant protective e f fec t of citiolone 
was observed against restraint stress. 
lA § 
Qi 
2 CQ 
8 
1 
a 
E 
<u 
c 
•g lO 
E 3 
1 
a; 
(3 
E 3 
D 
<5 
V) 3 
£ rtj 
a >> 
E 
£ 
CL 
X 
o 
* * * 
* 03 * XI * 00 ON NO .— CM 00 o o CN CTN CTN 
• lA 00 lA lA +1 •H •H +1 +1 +1 CM o tv 00 lA ND ^ 00 SO c<N 00 
r'N CM NO t^ ON lA (M CO o (N ON 
* * * 
* * 0) * O lA NO CM 00 CTN 00 lA CM 
lA NO lA NTJ lA lA +1 +1 +1 +1 +( +1 (N lA lA (NJ CN4 o CM NO 
CM ON ro ro iJ- CN ON CM ON 
' 
* * * 
* * 
* * * 
' — o ON lA rv o 
fN f CN (A +1 +1 +1 +1 +( +1 O NO ON VA 00 lA « NO « CM ^ C^  O ro O 00 NO (N O r<N 00 
CM 
+1 
00 iv. 
+1 ON o 
ON ro 
n 
•a-+; o rv 
* * * 
+1 lA 
ON t^ CM 
* * 
u-s lA 
n! +1 lA 00 
00 
+1 
i/N 
(N CM 
to x: 
c o 
E 
* * 
JD * 
VO •cj-+1 
M? 
ON 
r-N ON 
-a-41 
* * 
ND 00 
00 +1 NO -3; 
-a-
N. +1 
•3-o 
u c2 
c o 
E 
* * 
u * 
VO 00 <N OS 
-3-+1 (N 
CO +1 
ON 
/ > X (J lU 
10 x: 
E 
fNJ 
* u + <1- ITS vc ON 
lA +1 
OfN 
+ 1 
i/N 
00 
* 
JD * O ON O I-N 
VO +1 ON N. 
(N 
nD 
00 
00 
* * 
* * 
u * lA lA ON 
A +1 
00 
rn (N 
rO +1 
• a -ND 
(N 
00 
* * 
* * 
XI * (J * u 
O »A NO CNJ O r v (V 
r o CM 
+1 +1 +1 +1 +1 
l A 0 0 NO 0 0 
<1; •dr 0 0 l A 
O 0 0 ON 
l A O r<N ON CM 
<1-
+1 
00 
U lU 
V) 
JZ 
c 
o 
£ 
00 
* u * O 
iA +1 (NJ 
lA +1 IV OO <N 
CN — ON N. 
* 
V * 
lA ON MD 
+1 
00 ON CNJ N. 
CM lA +1 <3-
ON 
U * <J * NO CN NO O — C7N 
A^ lA (A +1 +1 +1 +1 CN CN l-N, 00 
• « lA rO 00 ON ON lA 
* 
* U * <1-
o-+1 
-a-
ON 00 O NO 
CN rv • 
+1 
•a-00 
* * 
u * lA lA 
lA +1 •a-+1 >A CM 
lA o vn 
* * * X3 * u * (J * r<N (A lA 00 ON ON NO 
lA (A IA' I +1 +1 +1 +1 +( 00 CM CN CN ' o • 
00 
-a; 
00 
o 
00 
ON 
o6 
rA 
IV ( CN 00 ON > CM 
u i2 
c o 
E 
J-rs 
229 
c rO 
0) 
E 
(U 
v3 
C 
+~> 
O 1-D. 
CLO ^ 
C 
<v 
E 
03 Ofl ^ 
c 0 u 
CD z 
Q 
U 1 
X 1/5 
O 
M-H 
o 
"o 
c 12 
(/) c 
-D ^ (U 1-
10 D 1/1 Q, f X 
3 LU 
Di +1 
1/1 CL 
O 1-00 
<v 00 03 
C <U 
•u 
c 
•o 
c 
5 
fO •w c <1; . 
u o 
" I d * 
c o o 
o 03 
^ § w C <11 03 
m 03 
U O 
C c 
<D <U jD CL X OJ a; u C T3 <D C 
- ^ V ^ 2 ^ 
c * ^ § <1; c H (U 03 ^ 
5 lA y oj f o x: 
SI) <=> 
XI o o o 
-i (/)p, 
-s II 
(U 03 
p > U 
s V 
-D* 
(U 
£cu 
(B 
4-J 
• g i o 
% ob 
c DO c 
o - ? o 
HI ..S o — o 
1.6, 
<u 
II "rt II 
X OJ 
c o 
03 O 
> 00 03 
O ID 
u, E 
I " 03 OJ 
(U O , -Q 
(J a, c ^ n r-, 
tv C 
4-1 r-
HH fc 
-s 2. 
^ 8 U I 
03 U y> CL 
c p 
fd 03 
m y 
+-t 
CO II fa 
+ - » -tj 
LT) 03 IT) 
U J * * 
* 1 
* 
c 
o 
to , 
- H) 00 - fa 
03 c " 
o 'O 
<Li 
£ 
03 i/i 03 -
g V 
, Cl H c: o 
.x: 
Fig. U.20 Glutathione-S-transferase (GST) activity evaluated in the various 
regions of aged rat (3,6,12,18 and 2'l months) CN5 following 
the e f fec t of ageing (O ): restraint stress ( • ) ; N-acetylhomocys-
teine thiolactone (citiolone) ( • ) ; and ciiioJone following restraint 
stress ( • ) for hours. 
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it.2A Monoamine Oxidase (MAO): 
The activity of monoamine oxidase (MAO) in various regions 
of rat brain and spinal cord is depicted in Table 4.20. In 3 months 
old rats, the activity of MAO in different regions of the CNS was found 
to vary in the following rank order: hippocampus > hypothalamus ^ cerebrum 
cerebellum ^b ra in stem ^ s p i n a l cord. 
a. Effect of age: With the passage of time, the activity of MAO 
in all the brain regions and spinal cord increased significantly. MAO 
activity was higher in cerebellum (].29 fold) in comparison to hippocampus, 
hypothalamus (1.25 fold), cerebrum (1.26 fold), brain stem (1.2^^ fold), 
spinal cord (1.23 fold) in 24 months old rats as compared with 3 months 
old rats. 
b. Effect of restraint stress: After 24 hours restraint stress the 
activity of MAO increased significantly in hypothalamus 0.001) and 
in hippocampus, cerebrum, cerebellum, brain stem and spinal cord (P<^0.01; 
0.001). ANOVA revealed that the difference between the ages and 
between the control and experimental animals of the same age group 
was significant (P<^ 0.001), whereas interaction between the hypothalamus 
and cerebrum was highly significant (P-<\ 0.001), cerebellum interaction 
was significant (P<^ 0.01), brain stem and spinal cord interaction was 
less significant (P<^ 0.05). Interestingly, the interaction in hippocampus 
was not significant. 
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^>.2.5 Nucleic acids and Nucleases: 
The data presented in Tables k.2\ - U.25 show the age-
related changes in nucleic acids (DNA, RNA, RNA/DNA ratio) and nucleases 
(DNase and RNase) in the different regions of the CNS, following 
hours restraint stress. 
Deoxyribonucleic acid (DNA) 
Table 'f.21 shows the amount of DNA in various regions 
of brain and spinal cord in different age groups of rats following Z'f hours 
restraint stress. DNA level was the highest in cerebellunn and the lowest 
in spinal cord in 3 months old rats . The magnitude of increment between 
these two regions was k.27 fold. 
a. Effect of age: With increasing age the content of DNA in all 
the regions of CNS depleted significantly (P<^ 0.05; 0.01; 0.001) when 
compared with 3 months old rats (Table k.2\). 
b. Effect of restraint stress: Twenty-four hours restraint stress 
inhibited the level of DNA in hippocampus, hypothalamus, cerebrum, 
cerebellum, brain stem and spinal cord of aged rats . The maximal 
inhibition of DNA in cerebellum (-21% - -30%) and the lowest in spinal 
cord (-13% - 25%), when 3 months and 2k months old experimental 
rat3 were compared with control animals of the same age group. ANOVA 
of all the regions of CNS showed the d i f fe rence between ages and differen-
ce between control and experimental animals of the same age group 
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was highly significant (P 0.001) and interaction in hippocampus was 
significant (P 0.01), while in other regions was not significant. 
k.2.5.2 Ribonucleic acid (RNA) 
The data presented in Table k.22 indicate the age-related 
as well as restraint stress induced changes in RNA level in different 
regions of CNS. The RNA level was the lowest in spinal cord 
and higher in other regions in the following order: hypothalamus^ cerebrum 
> hippocampus> cerebellum > brain stem. 
a. Effect of age: The amount of RNA was decreased significantly 
with age in all the regions of CNS. When 24 months rats were compared 
with 3 months and 12 months old rats, the depletion was in cerebellum 
(-21%, -8%), hypothalamus (-16%, -6%), hippocampus (-15%, -5%), cerebrum 
(-1^^%, -5%), brain stem (-13%, and spinal cord (-13%, -7%). 
b. Effect of restraint stress: RNA levels were progressively increased 
significantly in various regions of CNS a f t e r 24 hours restraint stress 
when experimental group was compared with control ones. The maximal 
elevation of RNA was in cerebellum (+17%, +32%) and minimal in brain 
stem (+14%, +25%). ANOVA revealed that the difference between ages 
was significant (P 0.001) and between the control and experimental 
animals of the same age group was also highly significant in all the 
regions of CNS (P 0.001) except in hippocampus where it was moderately 
significant (P 0.01). Interaction in different parts, hippocampus, hypo-
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thalamus, cerebrum and brain stem was not significant, whereas, in 
cerebellum and spinal cord it was significant (P<C 0.05). 
4.2.5.3 RNA/DNA 
The ratio of RNA/DNA in various parts of the brain and 
spinal cord in different age groups following hours restraint stress 
IS given in Table The RNA/DNA ratio was the highest in the 
spinal cord followed by brain stem - cerebrum - hypothalamus - hippo-
campus - cerebellum. 
a. Effect of age: With increasing age, from 3 months to 2k months 
the RNA/DNA ratio was increased in all the regions of CNS in the 
following order: hippocampus (1.77 fold), cerebellum (1.13 fold), hypo-
thalamus (1.12 fold), cerebrum (1.09 fold), brain stem (I.O'f fold), and 
spinal cord (1.02 fold) when 2^ ^ months old rats were compared with 
3 months old rats. 
b. Effect of restraint stress: After 2k hours restraint stress, RNA/DNA 
ratio was increased significantly in various regions of brain and spinal 
cord of different age groups (P<^ 0.001). ANOVA revealed that the 
difference between ages and difference between control and experimental 
animals of the same age group was highly significant (P 0.001). Inter-
action in different regions was also highly significant (P<;^O.OOI). 
Deoxyribonuclease (DNase) 
The activity of DNase observed in various regions of CNS 
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in different age groups following hours restraint stress has been 
given in Table The DNase activity was the highest in the spinal 
cord and the lowest in the cerebellum. The magnitude of difference 
in the DNase activity between these two regions was found to be nearly 
1.56 fold. 
a. Effect of age: With the passage of time, from 3 months to 
24 months, the DNase activity was increased in all the regions of CNS 
in the following order: brain stem (1.31 fold), cerebrum (1.30 fold), 
spinal cord (1.29 fold), hypothalamus (1.2'f fold), hippocampus (1.23 fold) 
and cerebellum (1.22 fold) (Table 
b. Effect of restraint stress: Elevation of DNase activity in the 
various parts of brain and spinal cord following hours restraint stress 
was noted in different age groups. The progressive increase was in 
hippocampus - 29%), hypothalamus (15% - 30%), cerebrum (21% -
32%), cerebellum (15% - 28%), brain stem (19% - 33%) and spinal cord 
(20% - 31%). When experimental group was compared with their control 
ones. ANOVA showed significant difference in ages and control and 
experimental animals of the same age group (P<^ 0.001). Interaction 
in different region was also significant (P<^ 0.001). 
't.2.5.5 Ribonuclease (RNase) 
The activity of ribonuclease (RNase) in various brain regions 
and spinal cord of different age groups following 2k hours restraint stress 
are given m Table ii.25. In 3 months old rats the activity of RNase 
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was the lowest in spinal cord and the highest in hypothalannus. The 
magnitude of di f ference between these two regions was nearly 2.19 fold. 
The RNase activity in different parts of CNS showed values increasing 
in the following order: spinal cord - brain stem - hippocampus - cerebrum -
cerebellum - hypothalamus. 
a. Effect of age: It might be seen from Table ^>.25 that the activity 
of RNase was progressively increased with the passage of t ime in all 
the brain regions and spinal cord. The RNase activity was higher in 
hypothalamus with a maximum increase of ]A5 fold in comparison to 
hippocampus, cerebellum, cerebrum, spinal cord and brain stem having 
the increment of 1.37, 1.30, 1.30, 1.28 fold respectively, in 2^ ^ 
months old rats as compared with 3 months old rats . 
b. Effect of restraint stress: Restraint stress-induced RNase activity 
was observed in various regions of brain and spinal cord of all the age 
groups. The activity of RNase was depleted progressively a f te r 21^  
hours restraint stress in hippocampus (-15% - -22%), hypothalamus (-21% -
-30%), cerebrum (-16% - -23%), cerebellum (-21% - 32%), brain stem 
(-15% - -20%), and spinal cord (-l'>% - -20%). ANOVA of all the regions 
of CNS showed the dif ference between ages and di f ference between 
control and experimental animals of the same age group to be highly 
significant (P<^0.001). Interaction in different regions was also significant 
( P < 0.001). 
tt.2.6 Protein: 
The levels of protein in various parts of CNS (homogenate) 
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are depicted in Table 'a.26. In 3 months old rats , the amou.its of total 
proteins (honnogenate) in different regions of the CNS were found to 
vary in the following increasing order: Spinal cord brain stem cerebrum 
cerebellum hippocampus hypothalamus. 
a. Ef fec t of age: With increasing age, the content of protein in 
all the brain regions and spinal cord were decreased. When 2^ ^ months 
old rats were compared with 3 months and 12 months old rats, the 
depletion was in hippocampus (-16% - -11%), hypothalamus (-17% - -10%), 
cerebrum (-11% - -9%), cerebellum (-19% - 11%), brain stem (-10% - -7%) 
and spinal cord (-17% -
b. Effect of restraint stress: Protein levels were decreased significantly 
in various regions of CNS a f t e r 2U hours continuous restraint stress 
( P < 0.01; 0.001). ANOVA showed significant d i f ferences between ages 
and between control and the experimental animals of the same age 
group (P<^0.001), and interaction between ages and control and experimental 
group was also significant in different parts of CNS (P<^ 0.01; 0.001). 
4.3 Serum Cortisol 
Fig. 4.21 depicts the results of restraint stress-induced changes 
in serum Cor t i so l levels in 3 months old rats . Af ter 2 hours restraint 
stress, the values of serum Cortisol showed highly significant elevation 
(8.0 folds) when compared with those of control values. 
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CONTROL RESTRAINT STRESS 
Fig.4-21 SERUM CORTISOL LEVEL !N CONTROL 
AND 24 HOURS RESTRAINT STRESSED 
RAT. 
fyA Histochemicpl Obser*. -ns 
kAA Total lipids 
The sudanophilic lioid depoaiticn was <_.serveJ control 
rat cerebrur.. (Fig. it^ .Z"^  - ard hypochaia.nuc . wea depletion 
cf sudanophilic . . IJ deposition in stressed rat sections 'F i j . ii-.25, 4.27) 
ar compared to c o n t i ' l (Fi^ li.^'.). In ccebej iuiT. deceased deposition 
o! suaanv/^ihlil-: lipid was obcerved in stressed -at (Pig. ^.ZO, k.32, 
as compared tc normals (Fig. 4.29, 4.31, 4.33). 'ihe ^ray matter 
was onl^ higKiy stained w'.h sudan b'ack in contrasi -^o a nuch darker 
white mattei core (Fig. 4.^8). The or^servations are in ag-'=>ement with 
the biochtiTiic .i findings repcrtea iri Tabie 
t fA. l Phospho'-pids 
The acetoi.e-nlle ' i_e sulphate products oi phccho' lcids decrea-
sed following 24 hour: restrai. t -t-ess i^ . hippocampus ••'nvr^rnidal cells) 
(Fig. 4 anc cereLellun (rig. 4.4C, 4.42) when compared with normal 
rat sections of hippocc^n.pus (rig. 4.35) and cerebellum (pig. 4.37, 4.38, 
4.3>, 4.41). T^e resuit. "•.re in concordance with the oiociiemical data 
presented in Tdble 4,2 
Fig. Phctomicrograph showing total lipid content (Sudanophilic 
. t r ts) of cerebrum in three months oid control rat (Sudan 
Bla. . B) X 40. 
2if7 
F i g , 4 . 2 3 : P h o t o m i c r o g r a p h of h i p p o c a m p u s of c o n t r o l r a t (3 mon ths 
o l d ) s h o w i n g d e p o s i t i o n of t o t a l l i p i d ( S u d a n B l a c k B) x 
100. 
2^8 
F i g . 4 .24 : P h o t o m i c r o g r a p h s h o w i n g t o t a l l i p i d c o n t e n t of 
h y p o t h a l a m u s i n 3 months o ld c o n t r o l r a t ( S u d a n B l a c k 
B) X 250. 
F i g . 4 .25 : P h o t o m i c r o g r a p h of h y p o t h a l a m u s of 3 mon ths o ld s t r e s s e d 
r a t s h o w i n g d e c r e a s e d S u d a n o p h i l i c d e p o s i t i o n of t o t a l 
l i p i d ( S u d a n B l a c k B) x 250. 
2^9 
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F i g . 4 . 2 6 : P h o t o m i c r o g r a p h s h o w i n g t o t a l l i p i d c o n t e n t of 
h y p o t h a l a m u s i n 24 mon ths o ld c o n t r o l r a t ( S u d a n B l a c k 
B) X 400. 
F i g . 4 .27 : P h o t o m i c r o g r a p h of h y p o t h a l a m u s of 24 mon ths o ld 
s t r e s s e d r a t s h o w i n g d i m i n u t i o n of S u d a n o p h i l i c d e p o s i t i o n 
of t o t a l l i p i d ( S u d a n B l a c k B) x 400. 
250 
F i g . 4 . 2 8 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 3 months o ld c o n t r o l r a t 
showing S u d a n o p h i l i c d e p o s i t i o n of t o t a l l i p i d ( S u d a n 
B lack B) X 40 . 
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F i g . 4 . 2 9 : P h o t o m i c r o g r a p h s h o w i n g t o t a l l i p i d c o n t e n t ( S u d a n o p h i l i c 
d e p o s i t s ) of c e r e b e l l u m i n 3 months o ld c o n t r o l r a t 
( S u d a n B l a c k B) x 250. 
F i g . 4 .30 : P h o t o m i c r o g r a p h of c e r e b e l l u m of s t r e s s e d r a t (3 mon ths 
o ld ) s h o w i n g d e c r e a s e d S u d a n o p h i l i c d e p o s i t i o n of t o t a l 
l i p i d ( S u d a n B l a c k B) x 250. 
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F i g . 4 . 3 1 : P h o t o m i c r o g r a p h s h o w i n g t o t a l l i p i d c o n t e n t ( S u d a n o p h i l i c 
d e p o s i t s ) of c e r e b e l l u m i n 3 months o ld c o n t r o l r a t 
( S u d a n B lack B) x 400. 
F i g . 4 . 3 2 : P h o t o m i c r o g r a p h s h o w i n g i n h i b i t i o n of t o t a l l i p i d c o n t e n t 
( S u d a n o p h i l i c d e p o s i t s ) of c e r e b e l l u m i n 3 mon ths o ld 
s t r e s s e d r a t ( S u d a n B lack B) x 400. 
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F i g . 4 . 3 3 : P h o t o m i c r o g r a p h s h o w i n g t o t a l l i p i d c o n t e n t ( S u d a n o p h i l i c 
d e p o s i t s ) of c e r e b e l l u m i n 24 months o ld c o n t r o l r a t 
( S u d a n B lack B) x 100. 
F i g . 4 . 3 4 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 24 mon ths o ld s t r e s s e d 
r a t s h o w i n g d e c r e a s e d S u d a n o p h i l i c d e p o s i t i o n of t o t a l 
l i p i d ( S u d a n B l a c k B) x 400. 
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Fig,. 4^.35: P h o t o m i c r o g r a p h of h i p p o c a m p u s of 3 m o n t h s o ld c o n t r o l 
r a t s h o w i n g d e p o s i t i o n of a c e t o n e - n i l e b l u e s u l p h a t e 
r e a c t i o n p r o d u c t s of p h o s p h o l i p i d s x 400 . 
F i g . 4 . 3 6 : P h o t o m i c r o g r a p h of h i p p o c a m p u s of 3 m o n t h s o l d s t r e s s e d 
r a t s h o w i n g d i m i n u t i o n i n t h e a c e t o n e - n i l e b l u e s u l p h a t e 
p r o d u c t s X 400. 
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F i g . 4 . 3 7 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 3 months o ld c o n t r o l r a t 
' s h o w i n g d e p o s i t i o n of a c e t o n e - n i l e b l u e s u l p h a t e p r o d u c t s 
of p h o s p h o l i p i d s x 40 . 
F i g . 4 . 3 8 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 3 mon ths o ld c o n t r o l r a t 
s h o w i n g d e p o s i t i o n of a c e t o n e - n i l e b l u e s u l p h a t e r e a c t i o n 
p r o d u c t s of p h o s p h o l i p i d s x 250 . 
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F i g . 4^.39: P h o t o m i c r o g r a p h s h o w i n g a c e t o n e - n i l e b l u e s u l p h a t e 
r e a c t i o n p r o d u c t s of p h o s p h o l i p i d s i n 3 m o n t h s o l d 
c o n t r o l r a t c e r e b e l l u m x 400 . 
F i g . 4 . 4 0 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 3 m o n t h s o l d s t r e s s e d 
r a t s h o w i n g i n h i b i t i o n i n t h e a c e t o n e : - n i l e b l u e s u l p h a t e 
r e a c t i o n p r o d u c t s x 400 . 
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F i g . 4 . 4 1 : P h o t o m i c r o g r a p h s h o w i n g a c e t o n e - n i l e b l u e s u l p h a t e 
r e a c t i o n p r o d u c t s of p h o s p h o l i p i d s i n 24 m o n t h s o ld 
cc. n t r o l r a t c e r e b e l l u m x 400 . 
Fig, . 4^.42: P h o t o m i c r o g r a p h of c e r e b e l l u m of 24 m o n t h s o ld s t r e s s e d 
r a t s h o w i n g r e d u c t i o n i n t h e a c e t o n e - n i l e b l u e s u l p h a t e 
r e a c t i o n p r o d u c t s x 400 . 
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'tA.3 Nucleic acids 
Methyl green reacts with phosphorus group of the DNA at 
a slightly acid pH and pyronin stains RNA. Green-blue coloured DNA 
and red coloured RNA were observed in different parts of the brain. 
In cerebrunn, DNA was decreased and RNA was increased following 
hours restraint stress (Fig. In cerebellum, material from 
normal rats showed more deposition of DNA when compared with experi-
dmentat sections. Interestingly, the depletion of RNA is more in stressed 
rats when these observations were compared with control rats (Fig. 
- ^.50). The results are in agreement with the biochemical findings 
repor t - . ' and 'k22. 
It A A Age pigmer - (Lipofurcin) 
Nile blue method for staining the lipofuscin pigment in control 
rats depicted a uniform staining (Fig. 4.51) of the neuronal cytoplasm 
at higher magnification. Rats subjected to 2k hours restraint stress 
were c h a r a c t e r w i t h cerikarya showing a few dark dot-like deposits 
(Fig. in the cytcpiasn;^ which varied in their shape and size. 
Histological C .-.-srvations 
^.5.1 hippocampus 
Hippocampus consisted of three layers: molecular, pyramidal 
and polymorphic. The pyramidal layer of neurons was distinct due to 
the rather 'crowded' arrangements of its perikarya. The pyramidal 
neurons of the hippocampus 'in control animals showed large spherical 
Fig. UAS: Photomicrograph showing DNA and RNA concentration of 
cerebrum of 3 months old control rat (Methyl green-Pyronin 
stain) X 'fOO. 
Fig. tfAU: Photomicrograph showing decrement of DNA and increment 
of RNA concentration of cerebrum af te r hours restraint 
stress (Methyl green-Pyronin stain) x ^00. 
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F i g . 4 . 4 5 : P h o t o m i c r o g r a p h s h o w i n g DNA a n d RNA c o n c e n t r a t i o n of 
c e r e b e l l u m of 3 m o n t h s o ld c o n t r o l r a t ( M e t h y l 
g r e e n - P y r o n i n s t a i n ) x 100 . 
F i g . 4^.46: P h o t o m i c r o g r a p h s h o w i n g d i m i n u t i o n of DNA a n d e l e v a t i o n 
of RNA c o n c e n t r a t i o n of c e r e b e l l u m of 3 m o n t h s o l d 
r e s t r a i n t s t r e s s e d r a t ( M e t h y l g r e e n - P y r o n i n s t a i n ) x 100 . 
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F i g . 4 . 4 7 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 3 months o ld c o n t r o l r a t 
' s h o w i n g DNA a n d RNA c o n c e n t r a t i o n (Methyl g r e e n - P y r e n i n 
s t a i n ) X 400. 
E i g . 4 . 4 8 : P h o t o m i c r o g r a p h s h o w i n g d i m i n u t i o n of DNA a n d e l e v a t i o n 
of RNA o n c e n t r a t i o n of c e r e b e l l u m of 3 months o ld 
s t r e s s e d r a t (Methy l g r e e n - P y r o n i n s t a i n ) x 400 . 
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F i g . 4 .A9: P h o t o m i c r o g r a p h s h o w i n g DNA a n d RNA. c o n c e n t r a t i o n of 
c e r e b e l l u m of 24 mon ths o ld c o n t r o l r a t (Methy l 
g r e e n - P y r o n i n s t a i n ) x 400 . 
F i g . 4 . 5 0 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 24 mon ths o ld s t r e s s e d 
r a t s h o w i n g d e c r e m e n t of DNA a n d i n c r e m e n t of RNA 
o n c e n t r a t i o n (Methyl g r e e n - P y r o n i n s t a i n ) x 400. 
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F i g . 4 . 5 1 : P h o t o m i c r o g r a p h of c e r e b e l l u m of 24 mon ths o ld c o n t r o l 
r a t s t a i n e d f o r l i p o f u s c i n g r a n u l e s by Nile b l u e method 
showing most ly u n i f o r m s t a i n i n g r e a c t i o n w h i l e some dot 
l i k e d e p o s i t i o n i s a l s o s een x 400. 
F i g . 4 . 5 2 : P h o t o m i c r o g r a p h of c e r e b e l l u m s t a i n e d f o r l i p o f u s c i n 
g r a n u l e s (Nile b l u e me thod ) s h o w i n g dot l i k e d e p o s i t i o n 
i n c r e a s e d i n s t r e s s e d r a t (24 mon ths o l d ) x 400 . 
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nucleus and prominent nucleolus (Fig, ^.53). However, stressed rats 
showed degeneration in the pyramidal cells of the hippocampus and 
vacuolation in the stratum pyramidilis (Fig. 
U.5.2 Cerebrum 
Tufts of Choroid plexus were found projecting into the lateral 
ventircle in the normal rat brain. The fibres in the external capsule 
were darkly stained. Parts of the corpus striatum including caudate/putamen 
(C/P) and globus pallidus were seen between the external and internal 
capsules. Dorsal thalamus was also seen (Fig. ^.55). 
'^.5.3 CerebeiK-m 
The surface of the cerebellum was convoluted or folded. 
The cerebellar foldings formed thin, closely packed, more or less parallel 
laminae which were separated by deep curved fissures running predominantly 
from side to side. The cerebellum had relatively uniform structure 
in histological section at low magnifications. There was a superficial 
layer of grey m.atter which covered a branching central white mat ter . 
The cortical grey mat ter consisted of a superficial molecular layer with 
few neuronal perikarya and abundant fibres, a deep granular layer, which 
was densely packed with dark staining, small and rather uniform neuronal 
perikarya and in betv/een them a zone of Purkinje cells which were arranged 
in a single row exhibited la'-ge pear-shaped outline (Fig, ^.36). The 
base was directed towards the internal granular layer and apex towards 
Fig. ^.53: Photomicrograph of hippocampus showing normal pyramidal 
cells (P); H/E x 'fOO. 
Fig. Photomicrograph of hippocampus showing degeneration in 
the pyramidal cells (P) and -vacuolation (V) in the stratum 
pyramidalis; H/E x t^OO. 
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Fig^. 4 . 5 5 : P h o t o m i c r o g r a p h s h o w i n g t h e c a v i t i e s of t h i r d ( I I I ) a n d 
l a t e r a l v e n t r i c l e s (LV), f o r n i x (F) a n d c h o r o i d p l e x u s 
(CP) p r o j e c t i n g i n t h e l a t e r a l v e n t r i c l e a r e a l s o s e e n . 
The f i b r e s i n t h e e x t e r n a l c a p s u l e (EC) a n d i n t e r n a l 
c a p s u l e ( IC ; a r e d a r k l y s t a i n e d . P a r t s of t h e c o r p u s 
s t r i a t u m i n c l u d i n g c a u d a t e / p u t a m e n (C /P) a n d g l o b u s 
p a l l i d u s (G) a r e v i s u a l i z e d b e t w e e n t h e e x t e r n a l a n d 
i n t e r n a l c a p s u l e s . D o r s a l t h a l a m u s (TH) i s a l s o s e e n . 
Glees s i l v e r x AOO. I 
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F i g . 4 . 5 6 : P h o t o m i c r o g r a p h of c e r e b e l l u m i n a c o n t r o l (3 months o l d ) 
r a t . The t h r e e c o r t i c a l l a y e r s : Molecu la r (M), P u r k i n j e 
c e l i l a y e r (P) a n d G r a n u l e c e l l l a y e r (GL) a r e 
s e e n . T h i o n i n x 400 . 
F i g . 57: P h o t o m i c r o g r a p h of c e r e b e l l u m i n a s t r e s s e d (3 mon ths 
o ld ) r a t s h o w i n g d e g e n e r a t e d P u r k i n j e c e l l s ( a r r o w ) . 
T h i o n i n x 400. * 
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the molecular layer. A few clear spaces (Fig. 'f.61, ^.63) could be 
seen in between the cells of the granular layer, deep to which, the 
white nnatter of cerebellum consisted mainly of nerve fibres. 
The sections of cerebellum were stained with thionin. Glees 
silver and Kluver Barrera techniques. Thionin stain (Fig. and 
showed normal Purkinje cells with well defined nuclei and nucleoli. 
However, in stressed ra ts degenerated Purkinje cells were seen (Fig. 
1^.57 and ^.59). The control rat sections (Fig. and ^.62) showed 
the molecular layer with few neuronal perikarya and abundant fibres 
?irrj rif^ c--; gr~- -iar layer and in between them a zone of Purkinje cells, 
, ^rressed rat sections showed degeneration in the white mat ter 
with the appearance of vacuoles (Fig. ^ .^61) and showed degeneration 
of Purkinje cells and increase in the number of neuroglia cells in the 
white mat ter of the cerebellum (Fig. 4.63). Kluver Barrera method 
of staining was also used which showed the normal s t ructure of the 
cerebellum (Fig. In stressed rats the degeneration of Purkinje 
cells was revealed by this method (Fig. 4.65). The white mat ter showed 
evidence of degeneration and appearance of spaces in this layer of 
stressed rat sections. 
Electron Microscopic Observations 
Hippocampus 
A part of hippocampal neuron of 24 months old control rat 
showed ova^ nucleus with dispersed chromatin and prominent nucleolus. 
Fig. it.5$i Photomicrograpii, of cere! el 
rat . The three cortic-:.! 
layer (P) and Granul 
them are seen. Th;7n:"ie 
,,•71 in a controi (2^ 1 nnor';...s cid) 
•=:rs; 'Ac;=>C'.''ar (M), Purki"ie cell 
s 'GI.) V'''.th clear spaces between 
tf.S'^i Ptiotor-j-.rograr.:, c;: ftl«e.iurs stressed {2^1- months old) 
rat 
m . 
showl.'ig de^ererated F"rk:nie cells (arrow). Thionin x 
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F i g . 4 . 6 0 : P h o t o m i c r o g r a p h s h o w i n g t h r e e c o r t i c a l l a y e r s : M o l e c u l a r 
' ' (M), P u r k i n j e ce l l l a y e r (P) a n d G r a n u l e ce l l l a y e r (GL) 
i n 3 months old c o n t r o l r a t c e r e b e l l u m . Glees s i l v e r x 
400. 
F i g . 4 . 6 1 : P h o t o m i c r o g r a p h of c e r e b e l l u m of s t r e s s e d (3 mon ths o l d ) 
r a t s h o w i n g d e g e n e r a t i o n i n t h e w h i j e m a t t e r w i t h t h e 
a p p e a r a n c e of v a c u o l e ( V ) . Gless i l v e r x 400^. 
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F i g . 4 . 6 2 : P h o t o m i c r o g r a p h of c e r e b e l l u m i n a 24 mon ths o ld c o n t r o l 
' ' r a t . The t h r e e c o r t i c a l l a y e r s : Molecu la r (M), P u r k i n j e 
c e l i l a y e r (P) a n d G r a n u l e c e l l s a r e s e e n , G l e e s s i l v e r x 
400. 
Fig^. 4 . 6 3 : P h o t o m i c r o g r a p h of c e r e b e l l u m i n a 24 mon ths o ld s t r e s s e d 
r a t s h o w i n g d e g e n e r a t i o n of P u r k i n j e c e l l s ( a r r o w ) a n d 
i n c r e a s e i n t h e n u m b e r of n e u r o g l i a c e l l s i n t h e w h i t e 
m a t t e r of t h e c e r e b e l l u m . Glees s i l v e r x 400. I ) 
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Fig^. 4 . 6 4 : P h o t o r n i c r o g r a p h of n o r m a l r a t c e r e b e l l u n ; s h o w i n g a l l 
t h r e e c o r t i c a l l a y e r s : Mo lecu l a r (M), P u r k i n j e ce l l l a y e r 
(P) a n d G r a n u l e cell5 (GL) . K u l v e r B a r r e r a x 400. I 
F i g . 4 . 6 5 : P h o t o m i c r o g r a p h of c e r e b e l l u m of s t r e s s e d r a t s h o w i n g 
d e g e n e r a t i o n of P u r k i n j e c e l l s ( a r r o w T h e w h i t e m a t t e r 
shows e v i d e n c e of d e g e n e r a t i o n a n d a p p e a r a n c e of s p a c e s 
(C) i n t h i s l a y e r . K u l v e r B a r r e r a x 400 . 
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In the vicinity of the nuclear profile a number of lipofuscin granules 
were also seen (Fig. 4.66), whereas in a 24 months old stressed rat , 
a part of the hippocampal neuron showed irregular nuclear profiles containing 
a rounded nucleolus and occasional clumping of the chromatin in its 
vicinity. The perikaryon contained few electron dense bodies along 
with mitochondrial profiles (Fig. 4,67). The perikaryon of a neuron 
of 24 months old control rat hippocampus showed a number of lipofuscin 
granules and one lipofuscin granule had a ring shaped membrane bound 
electron-lucent vacuole. Also a number of mitochondrial profiles, polyribo-
somes with occasional f ragmented rough endoplasmic reticulum and an 
isolated .r.;—Inated axon were also visualized (Fig. 4.68). A part of 
hippocampal neuron of control rat (24 months old) exhibited electron 
dense cytosol studded with a large number of pleomorphic mitochondrial 
profiles (Fig. 4.69). However, in 24 months old stressed rat an axodendritic 
synapse of the hippocampus and the large number of synaptic vesicles 
which occupied almost all the available space within the axonal profile, 
besides three large mitochondria were seen. A segment of an oligo-
dendrocyte ' nucleus a number of ribosomes and two mitochondria 
were also apparent (Fig. 4.70). 
A "part of hippocampus of 3 months old stressed rat showed 
lipofuscin granules and electron lucid vacuoles. Scat tered mitochondria, 
polyribosomes, occasional cis ternae of rough endoplasmic reticulum and 
large membrane bound vacuoles were also seen (Fig. 4.71). Osmophilic 
Fig. ^.66r E>ectrcn micrograph of a 2^ • months old control rat showing 
a part of hippocampa! neuron exhibiting an oval nucleus (N) 
with dispersed c/iromatin and prominent nucleolus (Nu). In 
the vicinity of the nuclear profile a number of lipofuscin granules 
(L ) are discernible x 10,650. 
Fig. ElectrfOT rn\crograph snowjng a part Oi 'he nippocannpal neuron 
oi a 2k months old rat subjected to restraint s tress . Note 
l;he irregular nuclear profi le containing a rounded raucieolus 
^Nu) and occasional clumping of the chromatin in i ts vicinity. 
The perikaryon contains a- few elect ron dense bodies (EDB) 
along with njjitochondrial profiles (M) x 15,600. 
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Eig^. 4 . 6 8 : E l e c t r o n m i c r o g r a p h s h o w i n g a p a r t of ti ^ n e u r o n of a 24 
mon ths o ld c o n t r o l r a t h i p p o c a m p u s s h o w i n g a n u m b e r of 
l i p c f u s c i n g r a n u l e s (L) i n t h e p e r i k a r y o n of a neuron^. 
Note t h a t one of t h e l i p o f u s c i n g r a n u l e s shows a 
r i n g - s h a p e d m e m b r a n e b o u n d e l e c t r o n - l u c e n t v a c u o l e . Also 
a n u m b e r of a m i t o c h o n d r i a l (M) p r o f i l e s a r e s een a n d 
p o l y r i b o s o m e s w i t h o c c a s i o n a l f r a g m e n t e d r o u g h 
e n d o p l a s m i c r e t i c u l u m (RER) a r e a l s o v i s u a l i z e d . An 
i s o l a t e d m y e l i n a t e d a x o n c o n t a i n i n g a m i t o c h o n d r i o n (M) 
i s s e e n i n t h e lower p a r t of a e l e c t r o n m i c r o g r a p h x 
22,350 
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F i g . 4 . 6 9 : E lec t ron micrograph showing a p a r t of h i p p o c a m p a l 
neuron of control r a t (24 months o ld) e x h i b i t i n g e l e c t r o n 
dense cytosol s tudied with a l a r g e number pleomorphic 
mi tochondr ia l p r o f i l e s . About 25 mitochondria (M) a r e 
v isual i J -ed ^ in a s m a l l a r e a of not more t h a n 2 
tnicrometere . Also seen a r e t h r e e myel ina ted a x o n s (MA) 
in the lower p a r t of e l e c t r o n micrograph x 2 2 , 3 5 0 . 
F i g . 4 . 7 0 : E lec t ron micrograph showing an a x o d e n d r i t i c s y n a p s e of a 
p a r t of the hippocampus from r e s t r a i n t s t r e s s e d rcit (24 
months o l d ) . Note the l a r g e number of s y n a p t i c v e s i c l e s 
which occupy almost a l l the a v a i l a b l e s p a c e wi thin the 
a x o n a l prof i le b e s i d e s seemingly t h r e e l a r g e mitochondria 
(M) . The dendr i te (D) in the u)5f3er p a r t of e l ec t ron 
micrograph shows a number of r ibosomes (R) and two 
mitochondria (M) . I n the u|3/ser l e f t c o r n e r , a segment of 
an o l igodendrocyte n u c l e u s (0) i s a l so seen x 4 6 , 5 0 0 . 
277 
F i g . 4 . 7 1 : E l e c t r o n micrograph showing a p a r t of h ippocampus of 3 
months old s t r e s s e d r a t showing l i p o f u s c i n g r a n u l e s (L) . 
Note the e lec t ron l u c i d g r a n u l e s and two l i p f u s c i n 
g r a n u l e s . Sca t t ared mi tochondr ia (M) polyr ibosomes 
o c c a s i o n a l cis t e r n a e of rough emdoplasmic r e t i c u l u m 
(RER) a r e a l so s e e n . T hre e r e l a t i v e l y l a r g e membrane 
bound v a c u l c l e s (V) a r e v i s i b l e x 1 1 , 2 8 0 . 
Fig^. 4^.72: E l e c t r o n m i c r o g r a p h showing a p a r t of a neuron of 
h ippocampus of 3 months old s t r e s s e d r a t showing 
c h a r a c t e r i s t i c osmiophi l i c l i p o f u s c i n g r a n u l e s ( L ) , cne 
t o t a l l y e l e c t r o n d e n s e , the o t h e r s showing e l e c t r o n l u c i d 
v a c u o l e s . Also seen a r e a number of m i t o c h o n d r i a l 
p r o f i l e s with dense m a t r i x and c r i s t a e mitochondrial^. I n 
the c e n t r a l p a r t a well formed Golgi zone ( a r r o w ) i s a l s o 
v i s u a l i s e d x 1 1 , 2 8 0 . 
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"lipofuscin granules, a number of mitochondrial profiles with dense matrix, 
ty 
cristae mitochondriale and Golgi zone in a part of neuron of hippocampus 
of 3 months old stressed rat were the most notable features (Fig. k.l l). 
it.S.l Hypothalamus 
An oligodendrocyte from hypothalamus of 3 months old control 
rat showed nucleus with marginal clumping of chromatin and an irregular 
control aggregate. Also diagnostic was the peripheral rim of cytoplasm 
exhibiting increased electron density and an axon was also seen in the 
immediate vicinity of oligodendrocyte (Fig. 4.73). A number of myelinated 
axons, an cHp'^dendrocyte and astrocyte were visualized, and a number 
of cross-scc'l '^ned microfibrils in its cytoplasm surrounded by the irregular 
nucleus and a number of astrocytic process with a dendrite in between 
the oligodendrocyte and astrocyte, a small segment of neuron were 
also visualized (Fig. Fibrillary astrocytes showed dispersed small 
chromatin granules with electrolucent nucleoplasm, and the pale watery 
cytoplasm showed microfilaments and occasional mitochondria (Fig. 'f.75), 
whereas^ a part of a neuron of hypothalamus of a 3 months old restraint 
stressed rat showed a number of electron dense osmophilic bodies, mito-
chondria with dense cristae, cisternae of rough endoplasmic reticulum 
and polyribosomes. Lysosomal profiles were increased following restraint 
stress (Fig. 'i.76). Four pleomorphic electron dense mitochondria and 
a large number of clumped polyribosonnes were seen throughout in a 
part of a neuron of hypothalamus of stressed rat (Fig. 4.77). 
A part of the hypothalamic neuron of 24 months old control 
Fig^ 4.73: Electron micrograph showing an oligodendrocyte fronn hypo-
thaiamus of 3 months old control rat. Note the characteristic 
nucleus (N) showing marginal e l o p i n g of chromatin and an 
irregular central aggregate. Also ' diagnostic is the peripheral 
rim of cytoplasm exhibiting increased electron density. A 
myelinated axon (arrow) is seen in the immediate vicinity 
of oligodendrocyte x 20,160, 
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Fig^. k.lki E l e c t r o n micrograph showing a p a r t of the contro l r a t 
h y p o t h a l a m u s (3 months o ld) showing a number of 
myel ina ted a x o n s , an o l i g o d e n d r o c y t e (0) and a s t r o c y t e 
(A),. Note a number of c r o s s sec t ioned m i c r o f i b r i l s in i t s 
cytoplasm s u r r o u n d i n g the i r r e g u l a r n u c l e u s (N) and a 
number of a s t r o c y t i c p r o c e s s e s with a d e n d r i t e (D) i n 
between t h e o l i g o d e n d r o c y t e and a s t r o c y t e . A s m a l l 
segment of a neuron (Neu) i s v i s u a l i z e d a t the u p p a : 
r i g h t x 6 , 0 6 0 . 
F i g . 4 . 7 5 : E l e c t r o n micrograph showing a p a r t of the h y p o t h a l a m u s 
f i b r i l l a r y a s t r o c y t e of a 3 months old c o s n t r o l rat^. Note 
d i s p e r s e d s m a l l chromat in g r a n u l e s with e l e c t r o l u c e n t 
nucleoplasm^. The p a l e w a t e r y cytoplasm shows 
microf i laments and o c c a s i o n a l mi tochondr ia (M) x 8,400^. 
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F i g . A .76 : E lec t ron micrograph of a p a r t of a neuron of the 
* ' hypotha lamus of a 3 nionths old r e s t r i n t s t r e s s e d r a t 
showing a number of e l e c t r o n dense- osmiophi l i c bodies 
(L) and mitochondr ia (M) with dense cirstae^. Also 
v i s u a l i z e d a c i s t e r n a e of rough endoplasmic reticulurr_ 
(RER) and p o l y r i b o s o m e s . Lysosomal p r o f i l e s a r e i n c r e a s e d 
fol lowing r e s t r a i n t s t r e s s x 15 ,5 i t0 . 
Fig^. 4 , .77 : E l e c t r o n micrograph showing a p a r t of a neuron of 
h y p o t h a l a m u s of a 3 months old r e s t r a i n t s t r e s s e d r a t 
showing four pleomorphic e l e c t r o n dense mi tochondr ia (iVl)|. 
A l a r g e number of clumped polyr ibosomes a r e a l s o seen 
t h r o u g h o u t x 4 7 , 2 5 0 . 
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rat showed dispersed chromatin granules in the cen t ra l par t of the nucleus 
with some peripheral clumping and dis t inct nuclear pores. Per ikaryon 
was rich in organelles (Fig. 'f.78). In teres t ingly, a par t of a hypotha lamic 
neuron from months old stressed r a t showed deep indentat ion of 
the nucleus and a narrow rim of compara t ive ly e lec t ron lucid perikaryon 
showing paucity of organelles (Fig. '4.79). A small segment of nucleus 
of the hypothalamus of months old control rat depic ted compara t ive ly 
dec'Iron dense perikaryon containing a large number of r ibosomcs. 
Isolated cisternae of rough endoplasmic re t icu lum, a number of mitochondria 
and a ; l a c r " v 'ipofuscin granules were also visualized (Fig. 'i.SO). 
Occ.-"-'^"."lly a j ,art of t h e . hypothalamic neuron f rom 2U months old 
stre:.yad "...t showed relatively eiectronlucid nucleus having a necleous 
juxtaposed to nuclear membrane, and pauci ty of ch romat in granules 
was also seen. The perikaryon showed some mitochondrial profi les and 
dispersed ribosomes (Fig. 't.Sl). A months old control ra t showed 
a par t of a neuron of hypothalamus which had an irregular nuclear profi le 
of neuron exhibiting a prominent nucleolus. The perikaryon was compara -
tively electron dense. The sattelite o l igodendrocyte juxtaposed to the 
perikaryon exhibited peripheral aggregat ion of ch romat in and a very 
narrow rim of dense cytoplasm (Fig. '4.S2), whereas a par t of the perikaryon 
of a hypothalamic neuron from a 2^ months old s t ressed ra t showed 
irregular lipofuscin granules and remarkably electron dense organel les . 
Large number of polyribosomal r o se t t e s and a Golgi zone were also 
seen (Fig. ^.83). On the o ther hand, a par t of hypothalamic neuron 
of control rat {2^ months) depicted a small segment of nucleus and 
Fig. U.7S: Electron micrograph of a part of the hypothalamic neuron 
of a months old control rat showing dispersed chromatin 
granules in the central part of the nucleus (N) with some 
peripheral clumping and distinct nuclear pores (arrow). Perikaryon 
is rich in organelles x 15,600. 
Fig. ^.79: Electron micrograph of a part of a hypothalamic neuron from 
a 24 months old stressed rat. Note deep indentation of the 
nucleus (N) and a narrow rim of a comparatively electron 
lucid perikaryon showing pauc|l^ of organelles x 15,600. 
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F i g . 4 . 8 0 : E lec t ron micrograph of the hypotha lamus of a 24 months 
' ' old contro l r a t d e p i c t i n g a s m a l l segment of n u c l e u s ( N ) . 
Ncte c o m p a r a t i v e l y e l e c t r o n dense p e r i k a r y o n c o n t a i n i n g a 
l a r g e number of r i b o s o m e s . I s o l a t e d c s t e r n a e of rough 
endoplasmic re t i cu lum (RER) , a number of mi tochondr ia 
and a pleomorphic l i p o f u s c i n g r a n u l e (L) a r e a l s o 
d i s c e r n i b l e x 7 , 3 5 0 . 
F i g . 4 . 8 1 : E l e c t r o n ndcrograph of a p a r t of the h y p o t h a l a m i c ne^uron 
from a 24 months old s t r e s s e d r a t . Note the r e l a t i v e l y 
e l e c t r o n l u c i d n u c l e u s (N) showing a nuc leo lus (Nu) 
j u x t a p o s e d to n u c l e a r membrane a n d p a u c i t y of chromat in 
g r a n u l e s . The p e r i k a r y o n shows some m i t o c h o n d r i a l (M) 
p r o f i l e s and d i s p e r s e d r ibosomes x 10,650^. 
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F i g . 4 . 8 2 : E l e c t r o n micrograph showing a p a r t of a neuron of 
hypotha lamus of a 24 months old c o n t r o l rc i t . Note on the 
l e f t hand s ide an i r r e g u l a r n u c l e a r p r o f i l e of neuron 
e x h i b i t i n g a prominent n u c l e o l u s (Nu) . The p e r i k a r y o n i s 
c o m p a r a t i v e l y e l e c t r o n d e n s e . Note the s a t t e l i t e 
o l igodendrocy ^ (0) j u x t a p o s e d to the p e r i k a r y o n 
e x h i b i t i n g p e r i p h e r a l a g g r e g a t i o n of chromat in a n d a 
v e r y narrow rim of dense cytoplasm x 1 0 , 6 5 0 . 
F i g . 4 . 8 3 : E l e c t r o n m i c r o g r a p h of a p a r t of the p e r i k a r y o n of a 
h y p o t h a l a m i c neuron from a 24 months old s t r e s s e d r a t 
showing four i r r e g u l a r l i p o f u s c i n g r a n u l e s (L) a n d 
r e m a r k a b l y e l e c t r o n dense o r g a n e l l e s N o t e l a r g e number 
of po lyr ibosomal r o s e t t e s ( a r r o w ) and a Golgi zone 
( a r r o w ) x 6 , 2 8 5 . 
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Fig. tf.SU: Electron micrograph showing a^ part of hypothalamic neuron 
of a months old cor>trol rat showing a small segment 
of nucleus in the lower right corner and perikaryon containing 
two lysosomal bodies, a fesv mitochondria and rough endoplasmic 
reticulum. Note a longitudinally cut axonal profile (A) exhibiting 
well preserved myelin sheath (My) in the central part of 
the photomicrograph x 
Fig. U.85: Electron micrograph showing a part o T ' the neuropil of the 
hypothalamus of restraint stressed rat {2 -^ months old) showing 
a number of myelinated axons cut in various planes and a 
few astrocytic and dendritic processes x 25,350. 
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Fig^. 4 . 8 6 : E lec t ron micrograph of a p a r t of the g r a n u l e c e l l l a y e r 
of cerebel lum of a 24 months old contro l r a t . Note four 
n u c l e i (Nu) of g r a n u l e ce l l s showing c h a r a c t e r i s t i c 
p e r i p h e r a l condensat ion of chromat in and well p r e s e r v e d 
p e r i k a r y a c o n t a i n i n g mitochondr ia (M), r ibosomes (R) a n d 
a few e lec t ron dense bodies ( a r r o w ) x 10,650^. 
F i g p 4 . 8 7 : E l e c t r o n micrograph of a p a r t of g r a n u l e c e l l l a y e r of 
the cerebel lum from a 24 months old s t r e s s e d r a t . Note 
p e r i p h e r a l c lumping of chromat in g r a n u l e s which i s more 
marked t h a n the c o r r e s p o n d i n g f i n d i n g depic ted in Fig^. 
4^.85 (24 months old contro l rat)^. R e m a r k a b l e e l e c t r o n 
d e n s i t y of the rim of cytoplasm around the n u c l e i (Nu) 
c a n be v i s u a l i z e d . Also noteworthy i s the o c c u r r e n c e of 
l i p o f u s c i n (L) g r a n u l e s in two of t h e g r a n u l e c e l l 
p e r i k a r y a . I n between g r a n u l e c e l l some wel l p r e s e r v e d 
a x o n a l p r o f i l e s a r e a l s o seen x 10,650^. 
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F i g . 4^.88 :Electron micrograph showing a p a r t of n u c l e u s (N) 
and p e r i k a r y o n (P) of a neuron of the cerebe l lum of a 24 
months old r a t ( contro l ) e x h i b i t i n g a l a r g e e lec t run dense 
body ( l i p o f u s c i n ) (L) x 4 6 , 5 0 0 . 
F i g . 4 *89 : E l e c t r o n micrograph of a p a r t of the g r a n u l a r l a y e r of 
r a t cerebel lum (24 months o ld , s t r e s s e d ) showing p a r t s of 
two neurons of g r a n u l a r c e l l l a y e r depic t ing dense 
p e r i p h e r a l l y a g g r e g a t e d chromat in g r a n u l e s and a 
pleomorphic l i p c f u s c i n (L) body i n the immediate v i c i n i t y 
of the nuc leus ( a r r o w ) x 4 6 , 5 0 0 . 
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F i g . 4 . 9 0 : E lec t ron micrograph of a s y n a p t i c g lomerulus of 
c e r e b e l l um of c o n t r o l r a t (24 months) showing a number 
of a x o d e n d r i t i c s y n a p s e s in s e r i e s x 2 5 , 3 5 0 . 
F i g . 4 . 9 1 : E l e c t r o n m i c r o g r a p h showing the n e u r o p i l of a p a r t of 
cerebe l lum of a 24 months old s t r e s s e d r a t . Note the 
d i s o r g a n i s a t i o n of the d e n d r i t i c and a x o n a l p r o f i l e s . One 
m y e l i n a t e d axon i s d i s c e r n i b l e ( a r r o w ) , but s y n a p s e s a r e 
c o n s p i q u o u s by t h e i r a b s e n c e (compare with F i g . 4 . 9 0 ) x 
2 5 , 3 5 0 . 
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of a part' of cerebellum of months old stressed rat showed the dis-
organization of the dendritic and axonai profiles, and myelinated 
axons were discernible, but synapses were conspicuous by their absence, 
when Fig. ^.91 was compared with Fig. ^.90. The cerebellum from 
2k months old control rat showed a part of the synaptic glomerulus 
with well—preserved synapses and axonai profiles showing a large number 
of synaptic vesicles (Fig. k.32). On occasions, myelinated axons cut 
in various planes from the cerebellum of Zk months old stressed rat 
and well-preserved axoplasm showing mitochondrial profiles and cytoskeleton, 
vacuolated myelin and disruption of myeUn lamellae were discernible 
in an axon (Fig. ^ .^93). In 3 months old control rat, a Purkinje neuron 
with parallel cisternae of rough endoplasmic reticulum, a number of 
coated vesicles and clumps of free ribosomes were visualized in Fig. 
4.9'f. However, a part of the Purkinje neuron from 3 months old stressed 
rat showed arrays of rough endoplasmic reticulum, a number of dense 
mitochondria and a couple of electron dense bodies showing electron 
lucid areas. i-?rge number of coated vesicles were also seen in the 
perikaryon and clumps of polyribosomes were scattered throughout (Fig. 
^.95). A part of a cerebellar neuron (3 months old stressed rat) showed 
pleomorphic lipofuscin granules, a number of mitochondria, some elongated 
but one spherical containing a small electron dense body. A large number 
of polyribosomes and fragments of rough endoplasmic reticulum were 
also visualized along with a few vacuoles and vesicles of veriegated 
shape and sized (Fig. ^.96). Cerebellum of 2k months old stressed rat 
showed an oligodendrocyte with characteristic peripheral clumping of 
Fig. <^.92: Electron micrograph of a part of the synaptic glomerulus 
of the cerebellum from a moaths old control rat. Note 
well preserved synapses (S)i, and profiles showing large 
number of synaptic vesicles (drrow) x 31,500. 
Fig. ^.93: Electron micrograph showing myelinated axons (A) cut in 
various planes from the cerebellum of a months old rat 
(restraint stressed). Note well preserved axoplasm showing 
mitochondrial profiles (M) and cytoskeleton, vacuolated myelin 
and disruption of myelin lamellae are, however, discernible 
in or:e axon (arrow) x 31,500. 
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F i g . 4 . 9 4 : E l e c t r o n micrograph showing a p a r t of the P u r k i n j e 
neuron of a c o n t r o l r a t (3 months o ld) showing p a r a l l e l 
c i s t e r n a e of rough e n d o p l a s m i c r e t i c u l u m , a number of 
co a ted v e s i c l e s and clumps of free r ibosomes (R) x 
18,060. 
F i g . 4 . 9 5 : E l e c t r o n micrograph showing a p a r t of the P u r k i n j e 
neuron from a 3 months old s t r e s s e d r a t showing a r r a y s 
of rough endoplasmic re t i cu lum (RER) , a number of dense 
mitochondria and a couple of e l ec t ron dense bodies 
(EDB)showing e l e c t r o n l u c i d a r e a s . L a r g e number of 
coa te d v e s i c l e s (CV) a r e a l s o seen in the p e r i k a r y o n a n d 
clumps of polyr ibosomes a r e s c a t t e r e d throughout x 
1 1 , 3 4 0 . 
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F i g . 4 . 9 6 : E lec t ron micrograph showing a p a r t of a c e r e b e l l a r 
' ' neuron from a 3 months old s t r e s s e d r a t e x h i b i t i n g seven 
pleomorphic l i p o f u s c i n g r a n u l e s ( L ) , a number c f 
mi tochondr ia , some e l o n g a t e d but one s p h e r i c a l , 
c o n t a i n i n g a smal l e l e c t r o n dense bcdy (arrow) , . A l a r g e 
number of polyr ibosomes and f r a g m e n t s of rough 
endoplasmic re t iculum a r e a l so v i s u a l i z e d a long with a 
few -OQcuoles and v e s i c l e s of v e r i e g a t e d s h a p e a n d s ize x 
1 3 , 6 8 0 . 
F i g , 4 . 9 7 : E lec t ron r r i c rograph of a 2 4 months old r a t ( s t r e s s e d ) 
cerebel lum d e p i c t i n g an o l igodendrocyte (OD) e x h i b i t i n g 
c h a r a c t e r i s t i c p e r i p h e r a l c lumping of chromat in g r a n u l e s 
and a s m a l l amount of e l e c t r o n dense p e r i k a r y o n 
c o n t a i n i n g a l a r g e number of e l e c t r o n dense bodies 
(arrow) (EDB) x 1 0 , 6 5 0 . 
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chromat in granules and a small amount of e lec t ron dense perikaryon 
containing a large number of e lec t ron dense bodies (Fig, Interest ingly, 
a par t of Purkinje neuron of s t ressed 2k months old ra t showed irregular 
nucleus with a number of deep indenta t ion. The perikaryon was rich 
in pleomorphic electron dense osmophilic bodies and the cytosol showed 
increased e lec t ron density (Fig. '+.9S). On the other hand, a part of 
Purkinje cells of r e s t r a in t s t ressed rat {2k months old) showed a large 
number of pleomorphic e lec t ron dense osmophilic bodies and f r agmen ted 
rough endoplasmic re t icu lum. Cytosol was, in general , exhibiting, increased 
e lec t ron density due tD sca t t e red r ibosomes and polyribosomes (Fig. k.99). A 
part of the neuropil of cerebel lum (2k months old control ra t ) showed 
myel inated axons, dendri t ic profi les , a s t rocy t i c processes and one axodendri-
t ic synapse with increased e lec t ron density of some of the te rmina ls 
(Fig. it.100). Interestingly, in 2k months old s t ressed ra t , a part of 
the neuropil of the cerebe l lum showed myel inated axonal profi les , dendr i t ic 
and as t rocy t i c processes with the dis integrat ion and wide separat ion 
of myelin at a few si tes (Fig. ^.101). On the other hand, a neuropil 
of cerebe l lum of 2k months old s t ressed rat showed two long mitochondrial 
prof i les and a myelinated axon (Fig. ^.102). 
» 
Fig. Electron micrograph showing a part of Purkinje neuron of 
stressed 24 mwth s old raf showing i r r e gu l a rnuc l eu s (Nu) 
with a number of deep indentations. The perikaryon is rich 
in pleomorphic electron dense osmiophilic bodies (EDB) and 
the cytosol shows increased electron density x 8,400. 
Fig. 4.99: Electron micrograph showing a part of Purkinje cells of restraint 
stressed 24 months old rat. Note a large number of pleomorphic 
electron dense osmiophilic bodies (lipofuscin granules) (L) 
and fragmented rough endoplasmic reticulum. Cytosol is, 
in general, exhibiting e l e ^ o r i density due to scattered ribosomes 
and polyribosomes x 9,00(1 
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F i g . 4 . 1 0 0 : E lec t ron micrograph of a p a r t of the n e u r o p i l of the 
contro l r a t (24 months o ld) cerebe l lum showing four 
myel inated a x o n s ( a r r o w ) , d e n d r i t i c p r o f i l e s and 
a s t r o c y t i c p r o c e s s e s . One a x o d e n d r i t i c s y n a p s e i s a l s o 
s e e n . Note i n c r e a s e d e l e c t r o n d e n s i t y of some of the 
t e r m i n a l s x 3 1 , 5 0 0 . 
F i g . 4 . 1 0 1 : E l e c t r o n m i c r o g r a p h of a p a r t of the n e u r o p i l of the 2.4 
months old r e s t r a i n t s t r e s s e d r a t cerebel lum showing four 
myelin a ted a x o n a l p r o f i l e s ( a r r o w ) , d e n d r i t i c and 
a s t r o c y t i c p r o c e s s e s . Note the d i s i n t e g r a t i o n and wide 
s e p a r a t i o n of myelin a t a few s i t e s ( a r r o w ) , w h e r e a s , the 
r e s t of the myelin s h e a t h a p p e a r s normal (double a r row) 
x 3 1 , 5 0 0 . 
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F i g . 4 . 1 0 2 E lec t ron micrograph of a p a r t of the n e u r o p i l 
of the s t r e s s e d months old r a t c e r e b e l l u m . 
Note two long m i t o c h a n d n a l p r o f i l e s . One 
b e i n g about 3 . 5 u m l o n g . Also, a my e l i na t e d 
axon i s seen in the c e n t r a l p a r t of the 
photomicrograph e x h i b i t i n g d i s r u p t i o n of 
myelin l a m e l l a l at two se t s x 28 ,200 
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DISCUSSION 
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Studies on the perturbations of metabolic processes caused by 
ageing have been described in considerable detail, but less attention 
has been focussed on disturbances of lipid and nucleic acid metabolism 
by stress. Age-related degenerative changes reflect the toxic effects 
of free radicals and/or the by _ products of normal metabolic processes 
of life (Harman, 1956). Free radicals have been implicated in a variety 
of biological processes and are thought to be one of the major constituents 
of ageing (Segal, 1988; Simic et al., 1989). Virtually, all cellular constituents 
(namely, proteins, lipids, nucleic acids and carbohydrates) are known 
to undergo oxidative modification (Pacifici and Davies, 1991). The cyto-
toxic metabolites of O^ have been demonstrated to be involved in the 
peroxidation of membrane lipids, consequently altering membrane composi-
tion, morphology and function (Cavarocchi et al., 1986). Lammi-Keefe 
et al. (198^^) propounded that oxidant damage was a consequence of 
antioxidant and related enzyme system deficiencies. There are several 
recognized markers of ageing in the nervous system. An abridged list 
includes lipofuscin accumulation, plaque formation, glial cell proliferation, 
reduced transmitter level and changes in antioxidant enzyme system 
(Stadtman, 1988). 
The rate of ageing is reported to be linked with the level of stress. 
There seems to be a general agreement that with advancing age there 
is a progressive decline in the capacity to reestablish conditions of 
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equilibrium after a major stressful event, or intermittent exposure to 
such stressors as starvation, cold, heat, electric shock etc. (Wozniak 
et al., 1982). Stress of any kind is known to impede neuronal functions. 
Different parts of the brain and a variety of cell types are currently 
being investigated to gain an insight into the function of centres of 
biological cynerbetics. Undoubtedly, the brain is the most complicated 
and the least understood organ of man's body. It is noteworthy that 
the brain is a heterogeneous organ. Aptly, it is more a collection of 
disparate organs rather than a single entity (Hertz, 1969). This hetero-
geneity is of great importance in the evaluation and interpretation of 
the biochemical, histochemical and ultrastructural findings. Therefore, 
in the present study, following hours' restraint stress, lipid profiles, 
lipid peroxidation products, sulfhydryl group (-SH), antioxidant enzymes 
(such as SOD, CAT, GSR, GSHPx, GST), MAO, nucleic acids (DNA and 
RNA), nucleic acid enzymes (DNase and RNase) and histological (light 
and electron microscope) alterations were evaluated in the different 
regions of the brain and spinal cord of aged rats (3, 6, 12, 18 and 2^ 
months old). The protective effect of N-Acetylhomocysteine thiolactone 
on some biochemical parameters was also studied, in the C N S of aged 
rats following restraint stress. 
According to Lang and Vesell (1976) a number of environmental 
factors, such as method of handling of animals, population density, cage 
type, bedding material, noise, light-dark cycles (photoperiod), mixing 
of sexes within the same room, and the time allowed for adaptation 
after the animals are transferred from one location to another, significantly 
modify animal's behavioural, physiological and biochemical responses. 
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All the afore-mentioned factors were kept in nnind and the rats were 
procured every time from the same colony. They were housed singly 
in plastic cages and allowed to get acclimatised to the working laboratory 
conditions for a period of two weeks before the start of experiments. 
Twenty four hours prior to restraint, the animals (controls and those 
to be stressed) were deprived of any food except tap water. Restraint 
stress procedure was selected as used by Hasan (1985). During the 
period of restraint, the animals were supplied tap-water intermittently 
with a glass dropper. Other environmental factors were maintained 
identical for the control and stress rats. 
5.1 Stress-induced alterations in Gastric Mucosa 
Selye (1936) and Brodie (1971) reported that in laboratory animals, 
several stressful treatments produce surface modifications of the gastric 
mucosa leading to its partial erosion and ulcer formation. In the present 
study restraint stress for 2k hours caused the formation of gastric ulcers 
in rats (Fig. 'f.'f a,b). The mecahnism by which stress can induce such 
severe, although transitory, lesions is still a matter of debate (Parisio 
and Clementi, 1976). Focal ischaemia (Goldman and Rosoff, 1968; Hase 
and Moss, 1973), edema (Guth and Hall, 1966), destruction of pre-existing 
focal areas of surface erosion (Morris and Harding, 197^ )^, and alteration 
in stomach micro-circulation have been suggested as possible explanation. 
Investigating glyco-proteins in the gastric mucosa of restrained rats, 
Lambert et al. (1971) suggested that ulcers termed due to decreased 
secretions of the gastric mucosal coat. Furtliermore, they suggested 
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that stress preferentially affects the surface cells by weakening of the 
mucosal protective barrier. Additionally, s ia l i c acids and sulfate esters, 
which are the major components of the surface mucus substance, are 
decreased. Recently, from our laboratory, Gupta and Hasan (1988) 
also showed the formation of gastric ulcers in stressed rats. 
5.2 Biochemical Changes 
5.2.1 Lipid Profiles : Effect of age and restraint stress 
Studies of lipid profiles in the CNS form an important part of 
neurobiochemical investigations. The CNS of all vertebrates is highly 
enriched in cholesterol, sphingolipids, and glycerophospholipids (Suzuki, 
1981). The latter plays a vital role in both the structure and function 
of neural membrane. Other lipids, such as triglycerides, free fatty 
acids and cholesterol ester, which are abundant in systemic organs, 
are minor constituents of the CNS. However, some of these lipids 
are metabolically very active and thus their functional significance should 
not be overlooked. 
The present study indicated elevation of total lipid, phospholipid, 
triglyceride, cholesterol and gangliosides with passage of time whereas 
depletion was found in all these biochemical parameters after hours 
restraint stress. 
5.2.1.1 Total lipids 
Brain is rich in lipids, which is turn, play a role in modulating 
the structure, fluidity and function of its biomembranes (Ordy and Kaack, 
1975; Bourre et al., 1990). On one hand they constitute connponents 
of ion channels and neurotransmitter receptors, and on the other hand 
they are major constituents of myelin. Myelin sheath and neuropil 
account for much of the total lipid in brain tissue ( Robins et al., 1956; 
Scharf, 1953; Schinizu, 1965), making upto 6 5 96 of the dry weight of 
the white matter and 35-^0% of grey matter (Brante, 19^9). The 
lipids in the nervous system merit in-depth neurochemical investigations. 
It is well known that distinct regional differences occur in lipid contents 
and turnover in cell types and various pathways and centres of the 
brain (Ordy and Kaack, 1975). These processes are regulated by the 
activity of approapriate enzyme systems. 
In the present study, total lipids showed age-related elevation in 
all the regions of brain and spinal cord of rats. These observations 
are in concordance with the histochemical findings (Fig. 4.22 - 4.3^^). 
Increments, vide supra, correlate well with the previously reported elevation 
of total lipids in the aged animals (Wells and Dittmer, 1967; Sun and 
Samorajski, 1972; Patnaik and Jena, 1972; Sun and Sun, 1972; Horrocks 
et al., 1981). These observations indicate that ageing organisms exhibit 
a progressive inability to utilize lipids. Both the metabolic processes, 
i.e., the synthesis and degradation are reduced in old age but the latter 
event is much slower than the former, the net result being accumulation 
of lipid with age (Story et al., 1976). Moreover, age-trends are likely 
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to differ between brain regions and spinal cord because of a difference 
in the lipid composition of grey and white matter. Myelination during 
which lipids increase, is a progressive process which does not occur 
simultaneously in various parts of the nervous system. The completion 
of myelination coincides with the establishment of function (Best and 
Taylor, 1961). Myelination is completed earlier in the spinal cord than 
in rostral parts of the brain. Concomittently, the adult level of lipid 
composition is also reached earlier in the spinal cord than in brain regions 
(Timiras, 1972; Rajalakshmi and Nakhari, 1975). Interestingly, in the 
present investigation, total lipid levels showed depletion in the hippocampus, 
hypothalamus, cerebrum, erebellum, brain stem, and spinal cord of rats 
following 2k hours restraint stress. Conflicting reports have been appearing 
in literature regarding the relationship between stressors and total lipids. 
Saxena and Tyagi (1981) reported increased lipid deposition in various 
parts of the brain during X-irradiation. Lahiri et al. (1981) observed 
decrease in total lipids and lipid fractions during heat stress. In the 
same vein, the present study revealed that levels of total lipids were 
decreased in the various regions of brain and spinal cord. Depletion 
of unsaturated lipids is associated with alterations in membrane fluidity 
(Bruch and Thayer, 1983) and changes in the activity of membrane bound 
enzymes and receptors (Heikkila, 1983; Bobik et al., 1983). Also lipid 
peroxidation stimulates activities of lipolytic enzymes (Scott, 198^ ;^ 
Sevanian, 1986; Beckman et al., 1987). Previous reports from our laboratory 
lend support to the afore_mentioned (Islam et al., 1980; Tayyaba and 
Hasan, 1980; Vadhwa and Hasan, 1986; C.upta and Hasan, 1988 and Naqvi 
et al., 1988). Interestmgly, White et al. (1978) have shown that lipids 
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of various tissues are known to be in a dynamic steady state and there 
is continuous replacement of existing molecules by new ones. 
5.2.1.2 Phospholipids 
Phospholipids form the backbone of neural membranes and also 
provide the membranes with suitable fluidity and permeability (Farooqui 
and Horrocks, 1985; Porcellati, 1983). They occur in substantial amounts 
in both gray and white matter. Total amount of phospholipids is higher 
in the white matter than in gray matter. Porcellati (1983) reported 
that different phospholipids turnover at different rates, according to 
their localization in different cells and membranes. The distribution 
of phospholipids in biogenic membranes is regulated not only by the 
activity of the enzymes involved in their metabolism, but also by their 
transport and incorporation processes into membranes. Enzymes of 
neural membranes liberate free fatty acids, acy l -COA, diglycerides and 
lysophospholipids. Under normal conditions, such metabolites may be 
involved in neural membrane functions, such as ion transport, membrane 
fusion, neurotransmitter release, receptor binding and calcium homeostasis 
(Farooqui and Horrocks, 1985). However, under pathological conditions 
high concentrations of these metabolites may significantly influence 
the activity of phospholipid metabolizing enzymes, ultimately leading 
to abnormal membrane function. Phospholipids play an important role 
in ageing studies because they are an integral part of the biomernbrane. 
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Changes in lipid composition may result in alteration of the membrane 
protein activities (Sun and Faudin, 198U). 
Age—related changes in the phospholipid contents of nervous tissue 
were found to be inconsistent. The findings in the present study (Table U.2) 
show that the concentration of phospholipids was increased with the 
passage of time. Our results are in concordance with the findings of 
Benjamins and McKhann (1981). Phosphalipids are moderately increased 
(1^0-50%) during development and this tendency to increase was observed 
in the rat brain by Sun and Samorajski (1972) and Mattieu et al. (1975). 
Manibabu and Patnaik (1991) also found an increase m phospholipid levels 
in garden lizards, but the reverse trend was reported for the human brain 
and spinal cord (Burger, 1957). Again the individuals fractions of phospho-
lipids were found to show a different age-related trend (Horrocks, 1973). 
Interestingly, in the present study, after 24 hours restraint stress, the 
concentration of phospholipids was decreased in various regions of brain 
and spinal cord. Also, Lahiri et al. (1981) reported that the levels of 
phospholipids were decreased after heat stress. Recently, Gupta and 
Hasan (1988) reported that phospholipid levels were decreased in 12 
months old rats following 2'f hours restraint stress. The decrement 
of phospholipid level was also observed histochemically in the present 
investigation (Fig. 4.35 - 4.42). The decrement in phospholipid levels 
can be ascribed to the peroxidative damage. 
5.2.1.3 Cholesterol 
Cholesterol is the only sterol present in the C N S of vertebrates 
in significant amounts. Ester cholesterols are particularly absent, or 
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present in very low amount (Manibabu and Patnaik, 1991). Cholesterols 
occur in white matter in amounts exceeding those in gray matter (Brante, 
Myelin is rich in cholesterol (Timiras, 1972). The constant amount 
of cholesterol in the brain suggests that the sterol is metabolically 
stable and is thus excluded from the normal dynamic exchange process 
common to almost all other body constituents (Suzuki, 1981). Cholesterol 
IS synthesized from acetate and precursors via mevalonic acid. Both 
the biosynthesis and the deposition of cholesterol in the C N S is most 
rapid. The findings in the present study show that the concentration 
of cholestrol was increased in various regions of brain and spinal cord 
of aged rats, which is in accordance with the findings of Rouser and 
Yamamoto (1968, 1969) and Sun and Samorajski (1972). Cholesterol 
levels were lowered in the present investigation following m- hours restraint 
stress. The reduction in cholesterol level may be explained on the 
basis of demyellnation observed in the various regions of C N S of aged 
rats. 
Triglycerides 
Although triglycerides are abundantly present in other organs of 
the body but little amount of triglyceride is present in the brain. In 
fact, triglycerides constitute at the most only a few per cent of the 
CNS lipids (Cook, 1981; Horrocks and Harder, 1983). Some are probably 
contributed by blood and blood vessels, rather than by neural tissue 
(Suzuki, 1981). Triglyceride is normally formed by simple esterification 
of circulating fatty acids from adipose tissue stores and newly produced 
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fatty acid derivatives obtained from dietary sources (Bierman, 1969). 
In the present study, the levels of triglycerides were elevated with 
the passage of time in various parts of the brain and spinal cord. Tri-
glycerides, the neutral lipids are considered as metabolic storage compounds 
with several physiological functions (Overturf and Dryer, 1969). Age-
related changes in triglyceride content of mammalian tissues are inconsis-
tent. While in some tissues (arteries/blood) this parameter increased 
with age (Carlson et al., 1968), in others (brain microsome) it declined 
(Hawcroft and Martin, 197^; Kessler and Rawlins, 1983). The hepatic 
triglyceride content of F-3^^ rats did not change with age (Hashimoto 
et al., 1981). Interestingly, triglyceride levels were decreased in hippo-
campus, hypothalamus, cerebrum, cerebellum, brain stem and spinal 
cord of aged rats following hours restraint stress in the present 
study. The depletion of triglycerides depends on free fatty acids and 
esterified fatty acids (Stern and Shapiro, 1953). Recently, from our 
laboratory, Farahani and Hasan (1992) reported that triglyceride levels 
were decreased following NO2 toxicity. 
5.2.1.5 Gangliosides 
Gangliosides are essential membrane constituents found in major 
quantities in the brain (Rahmann, 1983). They are localized m the 
myelin matrix and the bulk is found m the membrane of the nerve 
endings (Ramsay and Nicholas, 1972). Gangliosides are generally synthesized 
in neuronal perikarya and are transported to the nerve endings along 
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with macromolecules (Rahmann and Rosner, 1973; Ledeen et al., 1976; 
Landa et al., 1979), but local synthesis within the axons and nerve endings 
(Ledeen et al., 1976) or even at the plasnna nnennbrane level (Preti et 
al., 1980) cannot be excluded. Gangliosides are involved in nerve impulse 
conduction since they act as receptor sites for neurotoxins (Van Heyningen, 
1959; North et al., 1961; Rahmann et al., 1982). It has been demonstrated 
that the distr ibution of gangliosides is similar to that of aminobutyric 
acid (Lowden and Wolfe, 196^ )^ in brain. Irwin and Samson (1971) reported 
that certain types of behavioural stimulation (stress, sensory stimulation, 
learning, exercise) seem to be accompanied by alterations in ganglioside 
metabolism. Mental retardation and neurological dysfuncction are major 
signs in nearly all the lipid storage diseases, apparently because of abnor-
mal deposition of the different glycosphingohpids in the C N S due to 
defective disorders in degradative enzyme pathways, resulting in retardation 
of development, paralysis, dementia and blindness (Lehninger, 198^^). 
Biosynthesis of brain gangliosides occurs by sequential addition of mono-
saccharides or N-acetylneuraminic acid to the carbohydrate chain, starting 
from ceramide. Degradation of brain gangliosides proceeds by sequential 
removal of monosaccharide and Neu Nac (N-acetylneuraminic acid) by 
glycosidases and neuraminidases (Ledeen et al., 1973, Ledeen and Mellanby 
1977; Suzuki, 1981). In the present study, the elevation of ganglioside 
levels was found at the age of 18 months, thereafter the ganglioside 
level was de creased in 2'4- months old rats. On the other hand, gangliosides 
level was diminished in various regions of brain and spinal cord after 
2k hours restraint stress. Recent reports have shown that depletion 
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of gangliosides concentration during ageing is probably related to degenera-
tion of the ganglioside rich connponents such as neural membrane (Rahmann 
1980; Horrocks et al., 1981; Segler - Sthal et al., 1983; Gupta and Hasan, 
1988). 
5.2.2 Lipid Peroxidation and their Products : Effect of age, restraint 
stress and citiolone. 
Brain contains large amounts of lipids that are rich in polyunsaturated 
fatty acids. The unsaturated bonds of membrane lipids can readily 
react with free radicals and undergo peroxidation (Jesberger and Richardson, 
1991). The free radical theory of ageing proposes that reactive oxygen 
species, mainly oxygen singlet and hydroxyl radicals, cause peroxidation 
of the phospholipid-bound polyunsaturated fatty acids (Pederson and 
Aust, 1973; Slater, 198'f). Each lipid peroxide is also a free radical 
and, once initiated, the process of peroxidation can become autocataiytic 
as each lipid peroxide attacks a neighbouring fatty acid to yield additional 
lipid peroxide products. These lipid peroxides readily decompose to 
liberate highly reactive carbonyl fragments such as malondialdehyde 
(Sinnhuber et al., 1958; Tappel, 1973). Malondialdehyde (MDA), a-3 
carbon dialdehyde, is one of the final products of free radical chain 
reactions which take place during lipid peroxidation (Nomura et al., 
1989). It has been postulated by Tappel (1973, 1980) that malondialdehyde 
causes cross-linking with amine-containing molecules to produce Schiff 
base substances which are responsible for the characteristic fluorescence 
of lipofuscin. Tissvje thiobarbitunc acid (TBA)-rcactive product levels 
are generally considered to reflect tissue levels of malondialdehyde 
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or extents of lipid peroxidation (Pryor et al., 1976). Gutteridge (1982) 
has shown that malondialdehyde is the major species responsible for 
thiobarbituric acid reactive products (TBA-Rs), whether the substances 
undergoing free radical induced damage are polyunsaturated fatty acids, 
ammo acids, carbohydrates or nucleic acids. Therefore, measurement 
of thiobarbituric acid substances is one way of evaluating the extent 
of tissue damage due to free radicals. However, the best-studied effect 
of a free radical attack is that causing lipid peroxidation, i.e., oxidatioon 
of cxJ-methylene bridges of unsaturated fatty acids, resulting in the 
formation of lipid peroxides and hydroperoxides, finally leading to fragmen-
tation of lipids. As biomembranes are rich in unsaturated fatty acids, 
such reactions may lead to the disintegration of membrane structure 
and finally to irreversible cell damage (Rehncrona et al., 1980). 
In the present study, age-related with restraint stress changes in 
peroxidative reaction were evaluated by estimating lipid peroxide, lipid 
hydroperoxides, conjugated dienes and fluorescent pigment (iipofuscin). 
Rapid increase of lipid peroxide, lipid hydroperoxide, conjugated dienes 
and Iipofuscin are closely related to peroxidation of lipids. This indicates 
that free radical production and damage induced by it increases with 
the age of the organism. Similar findings have been observed in different 
organisms, e.g., in rats by Tappel (1973), Mihara et al. (1980), and Estes 
and Simpkins (1984) in mouse by Leuber (1983), and in human by Severson 
et dl. (1982) and in insects by Sohal et al. (I985a,b) and Wadhwa et 
al. (1986). Our results appear to be consistent with these observations, 
although some differences were noted in details. A previous study from 
our laboratory (Hasan and Ali, 1980) has shown massive accumulation 
of cytopldsrnic dense bodies (Iipofuscin pigment) following organophosphate 
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pesticide toxicosis. The increased incidence of electron dense bodies 
appears to be the end-result of lipid peroxidation. Gupta and Hasan 
(1988) also showed increment in the rate of lipid peroxidation with ageing 
followed by 24 hours restraint stress. Recently, Gupta et al. (1991) 
demonstrated the elevation of lipid peroxidation products with the passage 
of time. These results show that biomembranes are rich in unsaturated 
fatty acids and these membrane lipids are susceptible to peroxidative 
attack. They cause extensive damage to enzymes and to membranes 
producing a decrease in electrical resistence and membrane fluidity 
and eventual loss of membrane integrity (Hicks and Gebicki, 1978). 
Alterations in the membrane properties and function with age as hypo-
thesized by Sun and Sun (1979), Zs-Nagy (1976), Zs-Nagy et al. (1988) 
may be due to the afore-mentioned effects. 
Lipid peroxidation level can be easily correlated with the decrease 
of antioxidative defenses observed with advancing age as well as with 
stress. The decrease in the antioxidative defenses (SOD, CAT , GSHPx) 
accompanied with the increased levels of lipid peroxides has been reported 
in rats by Yoshioka et al. (1987). The decline in catalase (Samis et 
al., 1972; Nadkarni et al., 1986) and peroxidase activities with age (Arm-
strong et al., 1978) has also been observed in different organisms. 
Our results are in agreement with these observations (Gupta et al., 
1991). 
Interestingly, when N-aretyihomocysteine thiolactone (citiolone) 
was intraperitoneally administered, it resulted in the modulation of the 
peroxidation damage. In the pr^'sent study, lipid peroxidation products 
such as lipid peroxides, lipid hydroperoxides and lipofuscin were decreased 
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significantly when citiolone alone was administered, while in connbination 
with restraint stress the increase of lipid peroxidation products was 
prevented in various regions of brain and spinal cord of aged rats. These 
results regarding inhibition of lipid peroxidation due to citiolone adminis-
tration are consistent with the earlier findings from our laboratory (Hasan 
and Haider, 1989, Gupta et al., 1991, Naqvi and Hasan, 1992). These 
observations suggest an antioxidant role of citiolone (Totaro et al., 
1985). However, the reductions in lipid peroxidation products in various 
regions of brain and spinal cord may be a result of improvements m 
aldehyde metabolism because only aldehyde catabohsing enzymes can 
account for decrease in lipid peroxidation levels. It can be assumed 
that citiolone perhaps acts as lipid antioxidant, protecting unsaturated 
fatty acids in the tissue lipids against peroxidation. Some workers suggested 
that each tissue has an "antioxigenic" potential which is determined 
by a balance between factors promoting peroxidation and by those exerting 
an antioxidant action (Bieri and Anderson, 1960). Moreover, protection 
against metasystox-induced elevation of lipid peroxidation by the simul-
taneous treatment by another antioxidant, vitamin E was observed by 
Tayyaba and Hasan (1985). 
It can, therefore, be concluded that the peroxidation of endogeneous 
lipids was enhanced by restraint stress, resulting in the fragmentation 
of lipids, thereby leading to disintegration of membrane structure and 
finally to cell damage. This ran, however, be protected by antioxidant 
( itiolone, owing to its free radical scavenging and antioxidative effects. 
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5.2.3 Antioxidant Systenn : Effect of age restraint stress and citiolone. 
Antioxidant and free radical scavenging systems exist in the cell 
and protect it against the damaging effects of free radicals produced 
as a part of normal cell respiration and other cellular processes such 
as the inflammatory response (Flohe et al., 1973; Willson, 1980, 1983; 
Cohen, 1984; Tappei, 198^ ;^ Kaplotiwitz et ai., 1985). The components 
of the defense system that have evolved to reduce and contain the 
injury from free radical attack include the structural conformation of 
the membranes and the D N A strands, several enzymes and a few free 
radical scavenger antioxidants. Free radicals and free radical reactions 
are involved in the etiology and developmeht of a number of diseases, 
especially those that are life limiting (Pryor, 1987). The rate of oxygen 
consumption is probably related to the rate of ageing, because animals 
Vv'ith the highest life_span energy potential values may be more resistant 
to the deleterious effects of oxygen use, owing to the different activities 
of some enzymes in relation to their metabolic rate. In fact, superoxide 
dismutase is positively correlated with life-span energy potential (Tolmasoff 
et al., 1980), while glutathione peroxidase and S-transferases are negatively 
correlated with life- span potential (Cutler, 1984). Rrain homogenates 
from organisms with a high life—span potential are more resistant to 
auto-oxidation than homogenates from organisms with a low life—span 
energy potential (Cutler, 1984). Probably, certain antioxidant defenses 
are correlated with l ife-span potential (age of the oldest survivor) and 
life-span energy potential values in mammals. 
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Ageing in the brain involves oxidative processes (Floyd et al., 198^ )^ 
because the brain (i) contains a high amount of unsaturated lipids (ii) 
uses about one-fifth of the total oxygen demand of the body and (iii) 
is not particularly enriched in any of the enzymes related to antioxidative 
defenses: superoxide dismutase, catalase, glutathione peroxidase, glutathione 
reductase and N A D P H generating enzymes. The different age-related 
profiles of the activity of the antioxidant enzymes in different brain 
regions could explain the conflicting data in the literature (Kellogg 
and Fridovich, 1976; Loomis et al., 1976; Danh et al., 1983; Mizuno 
and Ohta, 1986). 
In the present investigation, the distribution of superoxide dismutase 
(SOD), catalase (CAT), glutathione reductase (GF^, glutathione peroxidase 
(GSHPx) and glutathione-S-transferase (GST) and the antioxidant compounds, 
reduced glutathione, total -SH, and protein - SH were estimated. The 
age-related and restraint stress effects on each individual parameter 
of the antioxidative defence mechanism are discussed below. 
5.2.3.1 Sulfhydryl Group 
Hoch and Vallee (1959) reported that sulfhydryl or thiol groups 
(-SH) are known to act as active enzymatic sites. Sulfhydryl enzymes 
are nriost susceptible to inactivdtion by lipid peroxidation intermediates 
(lipid peroxides, lipid hydroperoxides). Lipid peroxidation products of 
polyunsaturated tatty acids also inactivate non-sulfhydryl enzymes (Chio 
and Tappel, 1969). Inactivation of sulfhydryl enzvrnes (GSR, GSHPx, 
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GST) in mitochondria has been associated with hpid peroxidation (McKnight 
and Hunter, 1966). 
Glutathione (GSH) is a tripeptide and the major sulfhydryl compound 
present in relatively high concentration in mammalian cells (Ross, 1988). 
GSH IS both, a nucleophile and a reductant and can, therefore, react 
with electrophilic or oxidizing species before the latter can interact 
with nucleic acids or protein (Orrenius and Moldeus, 198^). This tripeptide 
reacts with oxygen free-radicals in various ways and utilizes a group 
of enzymes, glutathione transferases, to catalyze the reactions (Al-
Turk et al., 1987). It is considered as the major aqueous antioxidant 
and most of it is present in the cytosol (Meister, 1988). The concentration 
of glutathione of tissues has been reported to correlate positively with 
the longevity of the organisms (Lang et al., 1989; Sohal et al., 1990; 
Cutler, 1991). GSH protects cells from the toxic effects of reactive 
oxygen species or peroxidative damage (Little and O'Brien, 1968; Chow 
and Tappel, 1972) and participates in the elimination of organic peroxides 
and foreign compounds, and also in the preservation of thiol disulfide 
status of protein (Shan et al., 1990; Slivka et al., 1987; Meister, 1988). 
Several factors, which affect cellular GSH homeostasis, can affect a 
number of biological and pathological states, including nutritional status, 
hypoxia, and toxicological condition, e.g., ischemia, reperfusion injury, 
chemically induced oxidative in)ury, radiation damage, ageing and degenera-
tive diseases. These observations indicate that GSH is a primary anti-
oxidant of physiological systerris to protect against oxidant and free 
radical mediated cell injury (Shan et al., 1990). 
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In the present study, a progressive depletion in the level of total 
sulfhydryl group (T-SH) in various regions of the brain and spinal cord 
of aged rats following hours restraint stress was observed. As the 
presence of - SH groups (particularly insoluble sulfhydryl compounds) 
is essential for the function of a number of enzymes and proteins, altera-
tion of total sulfhydryl groups due to ageing and stress may cause distur-
bances in the functioons of some enzymes and proteins. 
Significant inhibition in the free sulfhydryl group or reduced glutathione 
(GSH) were also observed in different parts of brain such as hippocampus, 
hypothalamus, cerebrum, cerebellum, brain stem and spinal cord with 
advancing age and by restraint stress. The present evidence indicates 
that a low GSH content may be a general phenomenon of all ageing 
tissues and not restricted to a few specialized tissues (Hazelton and 
Lang, 1980). In addition to mammalian tissues, a similar decrease 
in GSH content occurs in senescent insects (Hazelton and Lang, 1980). 
The age-related decrease in glutathione (reduced) levels has been 
reported by others as well (Lang et al., 1989; Sohal et al,, 1990). 
GSH may be the key factor in lowering reducing potential which occurs 
in senescent tissue. In support of this argument is the evidence that 
cellular GSH concentration may have a profound regulatory effect on 
the nho'.nhatp rvcie enzvmes (Hosoda and Nakamura, 
1970; Hochstein and Utley, 1968). Owing to decreased GSH concentration, 
the N A D P H coenzymes that are generated by the coupled enzyme systems 
of gluytathione reductase and glutathione peroxidase may become limited 
and less available to the pentose phosphate-c yrle enzymes. Consequently, 
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N A D P H reducing equivalents may decrease and in turn cause a lower 
biosynthetic activity. Decreased GSH levels could have a marked effect 
on the detoxification capacity of a senescent organism, since a major 
function of GSH is the detoxification of peroxides produced by normal 
metabolism and of xenobiotics via glutathione-S-transferases. Thus, 
this lov/er capacity may provide a toxicological basis for ageing and 
stress. These results indicate a decrease in the 'de novo' synthesis 
of GSH from amino acids and a concomitant increase in GSSG (oxidized 
glutathione). In sum, the decrement of GSH pool results m dysfunction 
of the oxidative defence mechanisms. Parallel to decreases in the GSH 
levels, we observed an increase in the level of lipid peroxides, lipid 
hydroperoxides in brain regions, suggesting extensive age-related oxidative 
stress in the brain tissue. 
Furthermore, the concentration of protein-bound sulfhydryl groups 
in the present study shows significant decrement in different parts of 
the brain and spinal cord of aged rats (3, 6, 12, 18 and Z'f months old) 
following hours restraint stress. Sulfhydryl groups (SH) of proteins 
and enzymes are essential for their function. The SH group of glutathione 
protects lipids from oxidation, hence, their oxidatioon in ageing and 
due to stress would favour lipid and membrane damage. 
In this study, the oxidized glutathione (GSSG) concentrations were 
elevated significantly in different age groups of rats followed by restraint 
stress. These results are in agreement with the observations of Oeriu 
and Tigheciu (1964), who reported that GSSG concentration increased 
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with age. The elevation of GSSG in brain tissue was due to autooxidation 
or ageing. GSSG/GSH ratio was increased in the present study after 
2k hours restraint stress in aged rats CNS . This indicates the presence 
or extent of oxidative stress. 
The observations presented in Fig. it. 14 showed that citiolone adminis-
tration was associated with significant increment in the levels of reduced 
glutathione (GSH) in all the regions of aged rat CNS . The increase 
of GSH levels after citiolone therapy may be due to the sparing effect 
of N-acetyl-homocysteine thiolactone (citiolone) on GSH. The glutathione 
is consumed mainly for the detoxificatioon of oxyradicals and thus prevent 
the oxidative damage. Interestingly, oxidized glutathione (GSSG) level 
was decreased when citiolone was given to rats of different age group. 
This further shows the potential of citiolone as an antioxidant. 
5.2.3.2 Superoxide dismutase 
Superoxide dismutase (SOD) is the first enzyme of the scavenger 
enzyme series to ameliorate the damage caused in the cells by free 
radicals (Slater, 198^ )^. Singlet oxygen and superoxide radicals are potentially 
toxic to living cells as they can participate oxidation of cell macro-
molecules like proteins, lipids etc. in case of leak from the original 
oxidative reaction (King et al., 1975). Superoxide anion can be generated 
in many reactions, which include interaction of molecular oxygen with 
llavins, NADH, glutathione peroxidase and catecholamines (Misra and 
f-ndovich, 1972; Heikkila and C'.ohen, 1973). It is likely that other reaction 
systems will be found in which oxygen radicals are produced, which 
may have a special significance in the nervous system. However, it 
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IS also conceivable that SOD has a "stand—by" defensive function, which 
would protect the brain against the toxic effects of oxygen in special 
circumstances, in which "active oxygen" is either generated and introdyced 
into the brain by exogeneous physical or chemical processes or is produced 
during biochemical oxidation. The activity of SOD is correlated with 
ageing of the organism (Kellogg and Fridovich, 1976; Cutler, 1985; Vanella 
et al., 1989; Sohal et ah, 1989; Cutler, 1991). SOD, a Cu-Zn containing 
enzyme, reduced the superoxide radicals to hydrogen peroxide (Fridovich, 
1983). 
Results of the present study showed significant change in the enzyme 
activity, both with the passage of time and following restraint stress. 
The most affected region was the hypothalamus, followed by spinal 
cord, cerebrum, brain stem, cerebellum and hippocampus. Regional 
distribution of SOD activity in 3 months old rats was more or less uniform. 
The results are in accordance with the report of Danh et al. (1983), 
Mizuno and Ohta (1986). 
Data for the ageing mammalian brain are almost totally restricted 
to rats. In the majority of studies, a comprehensive approach was not 
selected, and many contradictory results have been reported. Total 
SOD activity was decreased (McGeer and McGeer, 1978; Hothersall 
et al., 1981; Benzi et al., 1988a; Vanella et al., 1989), did not change 
(Kellogg and Fridovich, 1976; Mizuno and Ohta, 1986; Cand and Verdetti, 
1989) or even increased (Hothersall et al., 1981; Danh et al., 1983; Vitorica 
et al., 198^ ;^ Tayarami et al., 1989) in the brain of aged rats. In the 
present study Cu-Zn SOD activity was decreased significantly in the 
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various regions of brain and spinal cord of aged rats, whereas no significant 
differences were found in Cu-Zn SOD activity in the whole brain and 
in all brain areas studied by Danh et al., (1983). These results are 
rather different from those reported by othfer investigators who found 
no significant changes in SOD activity in the brain and heart of old 
rats (Kellogg and Fridovich, 1976; Reiss and Gershon, 1976). Part of 
these discrepanices can be attributed to differences in the strain or 
age selected (Cand and Verdetti, 1989; Benzi et al., 1988a). It is 
suggested that age-dependent decreases in the specific activity of the 
enzymes in different speices could result from a pre-or postsynthetic 
formation of faulty enzyme molecules (Gershon etal., 1976; Goren et 
at., 1977). Biologically reactive free radicals may affect enzyme proteins 
by oxidation of thiol groups or other components that are normally 
maintained in a reduced state (Sohal, 1988). Thus, the age-related decrease 
in SOD activity in the C N S could be due to similar processes. 
After 2^ ^ hours restraint stress, a significant decrement in the SOD 
activity was found in various regions of the brain and spinal cord of 
aged rats in the present study. Formation of superoxide radicals after 
chemical stress, has been shown recently from our laboratory (Naqvi 
and Hasan, 1992). A relatively higher decrease in SOD activity detected 
in our work can thus be responsible for the formation of superoxide 
radicals during ageing and restraint stress. However, restraint stress 
has been reported to mduce elevation of lipid peroxidation and degradation 
of brain lipids (Gupta and Hasan, 1988). Recently, Gupta et al. (1991) 
showed age-associated inhibition in SOD activity. The stress-induced 
depletion of Cu-Zn SOD activity can, therefore, be related to the enhance-
ment of lipid peroxidation products in various C N S regions. The protective 
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action of SOD against oxygen toxicity or free radicals would be essential 
for the survival of nonproliferating cells like those found in the nervous 
systenn. 
N-acetylhomocysteine thiolactone (citiolone) administered intraperitone-
ally to rats of all the age groups studied, resulted invariably in increase 
in SOD activity. The data, however, show that citiolone exerts sonne 
beneficial effects in the old age by stimulating superoxide dismutase 
activity. The exact mechanism by which citiolone can induce an increase 
in the activity of Cu-Zn SOD needs to be investigated. The present 
observations have shown that administration of citiolone decreases the 
levels of lipid peroxidation products in various regions of aged rat C N S 
following hours restraint stress. SOD is one of the enzymes which 
participates in protection of cell damage. Hence the observed citiolone-
induced increase in Cu-Zn S O D may be due to an inhibition of lipid 
peroxidation. 
5.2.3.3. Catalase (CAT) 
Hydrogen peroxide a known cytotoxin, is produced in the 
CNS during amine metabohsm including monoamine oxidation (Tipton, 
1968) and glycine oxidation (Gaunt and DeDuve, 1976). Catalase reduces 
hydrogen peroxide and thus may serve a protective role in brain metabolism. 
A similar role has been attributed to glutathione peroxidase (GSHPx) 
Prohaska and Ganther, 1976). Current evidence supports the point of 
view that glutathione peroxidase is more essentia! than catalase to protect 
cells from low or steady-state level of hydrogen peroxide (Cohen, 1983). 
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Catalase may also play a role in the metabloism of lipids (Cohen, 1983). 
C N S catalase is largely associated with small subcellular particles (Gaunt 
and DeDuve, 1976). Histochemical studies have shown that these particles 
(termed microperoxisomes) lie in proximity to mitochondria and are 
concentrated in catecholamine cell bodies and oligodendroglia (Hruban 
et al., 1972; Novikoff et al., 1973; McKenna et al., 1976). 
The regional distribution of catalse in the various regions of brain 
and spinal cord of 3 months old rats showed highest catalase activities 
in hypothalamus, hippocampus, cerebrum, cerebellum, brain stem and 
spinal cord. Moderate regional differences in catalase activities were 
demonstrated (Table ^^.17). The hypothalamus (a norepinephrine rich 
region) exhibited highest catalase activity. These results are in accordance 
with Brannan et al. (1981). In the present study, catalase activity decreased 
gradually with age and following 24 hours restraint stress. 
It has been reported by Cand and Verdetti (1989) that catalase 
activity was lesser in the brain of old rats as compared with young 
ones. Barja et al. (1990) also showed depletion in catalase activity 
with ageing and oxidative stress in frogs. The rate of inhibition of 
catalase is dependent upon the rate at which H^O^ is generated or 
added. Because H^O^ can induce tissue damage, it should be considered 
as a component in pathological processes such as rapid brain ageing 
seen in Down's syndrome or Alzheimer's disease (Burger and Vogel, 
1973), or in disorders of more focal neuronal degeneration, such as that 
seen m Parkinson's disease. ' " '2^2 radical by-product (the 
325 
hydroxyl radical) have been strongly implicated in neuronal degeneration 
induced by monoamine neuron toxins such as 6-hydroxydopamine or 5,7 
dihydrotryptamine (Cohen et al., 1976b; Allis and Cohen, 1977). 
The decreased C A T activity in experimental animals was not associated 
with alterations in the rest of the antioxidant enzymes or GSH for 
a decrease in the non-Se dependent GSHPx activity and increase in 
oxygen consumption. These variations are indicative of a slightly greater 
senstivity to the effects of C A T depletion in older than in younger 
animals. On the other hand, the increase of _in vivo brain peroxidation 
at all ages strongly suggests that C A T , although present in the brain 
at low levels when compared with other organs, plays a significant role. 
The reduction in catalase activity is either due to its increased degradation 
or decreased synthesis and may also be due to the simultaneous increase 
in peroxidase activity. Also, it might be attributed to the decreased 
ability of catalase to detoxify peroxides with ageing and stress and 
inactivation of catalase by free radicals. SOD and catalase both are 
scavenger enzymes that are reported to work together to eliminate 
toxic free radicals (Fridovich, 1981; Kyle et al., 1987). 
Citiolone, an antioxidant compound, however, has been reported 
to possess a protecting capacity against the age-related inhibition of 
catalase following restraint stress (Table ^^.16). The activity of catalase 
was observed to be near the control values in all the regions of C,NS 
of rats subjected to simultaneous administration of citiolone and stress 
(Fig.'f.l7). Notably, the catalase activity was enhanced when citiolone 
was administered alone. This suggests that the protection of catalase 
may probably be due to the reactivation of enzyme by citiolone, thereby 
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enhancing its capability to initiate detoxification against the effect 
of stress (Gupta et al., 1991 a). 
5.23A Glutathione reductase (GR) 
Glutathione reductase catalyzes the production of reduced glutathione 
fronn oxidized glutathione which accumulates in the cells after the catalytic 
reduction of oxidative metabolites. Thus G R plays an important role 
in maintaining the reducing potential of the cells (Montero et al., 1988). 
During the present investigation, specific activity of G R was the highest 
in the 6 months of age (Table 'f.lS). Glutathione reductase activity 
was decreased with age as well as following 2h hours restraint stress. 
A similar age-related trend has been reported by Hazelton and Lang 
(1985) in mice and Lemeshko et al., (1983) in rats. Similarly, an age-
associated decline in G R activity was reported by Santa and Machado 
(1986) in rats. The present observation is in line with Stohs et al,. 
(198'f), who reported higher G R activity and GSH content in erythrocytes 
from middle-aged humans followed by a considerable decline leading 
to senescence. Katoh et al. (1989) attributed this decline to the 
increased lipid peroxidation. In the present study, the increased production 
of peroxide levels with age and restraint stress might cause inactivation 
of the enzyme during senescent period. Some contradictory reports 
are also found in this regard. Hothersall ct al. (1981), Danh et al. 
(1983), Roy et al. (1983), Vitorica et al., (19SU) and Tayarami et al. 
(1989) found increase in GR activity in the brain of rat and mice, whereas 
Kellogg and Fridovich (1976) and Mizuno and Ohta (1986) and Cand 
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and Verdetti (1989) observed no change in G R activity. On the other 
hand, Benzi et al. (1988a) reported decrennent in glutathione reductase 
activity in aged animals. Glutathione reductase activity can be easily 
correlated with the decrease in GSH and increase in GSSG levels and 
GSSG/GSH ratio. The inhibition of GSH and elevation of GSSG and 
GSSG/GSH have been reported in the rat brain during ageing by Benzi 
et al. (1988b). Our results follow the same pattern. The available 
data strongly suggest that free radicals are produced during ageing and 
restraint stress. 
Citiolone treatment elevates the activity of GR in the different 
age groups of rats. Notably, the GR activity is more enhanced in younger 
age groups than the older ones (Fig. ^^.18). Our results showed that 
after citiolone treatment, GSH level was elevated. Hence, the observed 
citiolone-induced increase in GR activity may be due to an elevation 
of GSH levels and inhibition of lipid peroxidation. 
5.2.3.5 Glutathione f)eroxidase (GSHPx) 
Numerous biochemical processes in aerobic cells lead to the production 
of peroxides by activated oxygen, which may cause oxidative damage in bio-
logical tissues. Glutathione peroxidase, a selenium dependent enzyme, meta-
bolizes these hydroperoxides and protects ceil membrane from peroxidative 
damage (McCay et al., 1981; Flohe, 1982). Hothersall et al. (1981) reported 
that GSHPx and glutathione reductase (GR) together act as components of a 
chain of reactions linkmg NADPH-generatmg systems to the 
detoxification of hydrogen peroxide (e.g., arising from the deg-
radation of neurotransmitter monoamines) and the maintenance 
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of glutathione in the reduced state. The activity of GSHPx is the highest 
in brain areas having catecholaminergic neurons. GSHPx is considered 
to be the main line of defence against the production of M A O 
(Cohen, 1983). It is a seleniunn requiring enzyme and is present in 
synaptosomes and cytosol of subcellular fraction. Apart from Se-dependent 
GSHPx, the cytosol fraction showed non-Se-dependent GSHPx activity 
which was later shown to be GST activity (Yasumoto et al., 1983; 
Mannervik and DanieJson, 1988). Recently, Zhang et al. (1989) and 
Thomas et al. (1990) reported that another form of GSHPx, phospholipid 
hydroperoxide glutathione peroxidase (PHGPx), which is also selenium 
dependent enzyme, detoxifies the membrane bound phospholipid hydro-
peroxides. 
The results obtained in the present study showed that the specific 
activity of GSHPx was depleted with age (Table ^ .^19) followed by restraint 
stress. Regional distribution of the GSHPx activity is also in concordance 
with earlier reports (Brannan et al., 1980; Ansari et al., 1989). 
Several contradictory reports are available about the GSHPx activity 
in different speices. Various investigators showed the absence of GSHPx 
enzyme in different species, for example, in chicks (Omaye and Tappel, 
1974), rats (Levander at al., 1974), Chinese oak silkmoth (Smith and 
Shrift, 1979), and housefly (Sohal, 1988; Simmons et al., 1989 ). Whereas, 
Hothersall et al. (1981), Roy et al. (1984), Benzi et al. (1988a) and 
Vanella et al., (1989) reported decrement of GSHPx activity in rat brain 
and others showed no change m GSHPx activity (Kellogg and Fridovich, 
1976; Mizuno and Ohta, 1986; Cand and Verdetti, 1989) and some investi-
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gators reported increased GSHPx activity (Danh et al., 1983; Vitorica 
et al., 1984; Tayarami et al., 1989). The inhibition of GSHPx activity 
due to the passage of time and restraint may predispose brain tissue 
to increased oxidative damage. Because brain tissue has a high rate 
of oxygen consumption, peroxides are formed by the amine oxidase enzymes 
(Kapeller -Adler, 1970) and from the reactions of the NADPH-oxidat ive 
enzyme system with the fatty acids of membrane phospholipids (Bishayee 
and Balasubramaniam, 1971; Konat, 1973). GSHPx activity is also correlated 
with the lipid peroxidation products and accumulation of lipofuscin (Hother-
sall, 1981). Increment of lipofuscin was shown biochemically, histochemically 
as well as ultrastructurally in the present study. The age-associated 
and stress-induced accumulation of lipofuscin, TBA-reactive substances 
despite a largely unchanged GSHPx activity till late into old ages may 
be because of a progressive increase in M A O activity. It was found 
that after the citiolone administration the GSHPx activity was elevated 
in different regions of rat CNS , while the levels of lipid peroxides, 
lipid hydroperoxides and lipofuscin were decreased. The normal age-
related decrease in GSHPx activity may be due to oxidative stress. 
Citiolone administration decomposes the oxygen species. The age-
dependent citiolone effects are interesting and need further investigation. 
5.2.3.6 Glutathione-S-transferase 
Glutathione-S-transferase (GST), found exclusively in aerobic organisms, 
IS being hypothesized to have a major role m the detoxification ot oxyra-
dicals and their products (Mannervik and Danieison, 1988). It represents 
an important class of xenobiotic metabolising enzymes (Mukhtar et al., 
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1981), There are various isoenzymes of GST and each form may have 
specific substrate (Lai and Tu, 1986). GST has been shown to be present 
in the mammalian and avian brain, besides its wide distribution in the 
body (Dixit et al., 1981). Brain GST has been reported to play an important 
role in the detoxification of potential toxicants through their conjugation 
and biotransformation (Booth et al., 1961; Boyland and Chasseaud, 1969; 
Dixit et al., 1980; Kubota et al., 1985). Jakoby and Keen (1977) have 
proposed that GST provides "sacrificial" covaJent linkage for eJectrophilic 
neurotoxic compounds. 
The activity of GST was observed to be much higher than other 
antioxygenic enzymes in brain and hence it may have a prominent role 
in scavenging oxyradicals and their products. In the present study, 
the results indicate stress-induced reduction of GST in various regions 
of aged rat CNS. Boyland and Chasseaud (1969) reported that greater 
accumulation of the toxic compound may inhibit the GST activity. Our 
findings also support that accumulation of lipofuscin is induced by oxyradicals 
whereas GSH, an antioxidant, reduces this pigment. 
The present observations also indicate that GST activity increases 
after the injection of - SH group donor compound, citiolone. The activity 
of GST was observed to be near the control values in various regions 
of the aged rat C N S subjected to simultaneous treatment with citiolone. 
Interestingly, the GST activity was enhanced when citiolone was adminis-
tered dlone. Recently, from our laboratory it was reported (Naqvi 
and Hasan, 1991a) that after chemical stress, GS f was decreased while 
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the citiolone administration enhanced the GST activity. This suggests 
that the protection of GST nnay probably be due to reactivation of 
the enzynne by citiolone, thereby enhancing its capability to initiate 
detoxification against stress. 
5.2A Monoamine Oxidase (MAO) : Effect of age and restraint stress 
M A O is essentially a mitochondrial enzyme and is associated with 
its outer membrane. M A O plays an important role in the metabolism 
of biogenic amines (Shallenberger and Walaszec, 1972; Chase and Murphy, 
1973). It is involved in the enzymatic deamination and subsequent degra-
dation of amines and results in the formation of H^O^. This enzyme 
recently assumed significance in ageing studies and in degenerative diseases 
(Benedetti and Dostert, 1989). The concept of tv^ o^ functionally distinct 
forms of monoamine oxidase (MAO) has gained wide acceptance in the 
last two decades (Johnston, 1968; Houslay et al., 1976; Holzbauer and 
Youdin, 1977; Tipton and Delia Corte, 1979). Type " A " of M A O deaminates 
neurotransmitter amines such as 5-hydroxytryptamine (5-HT) and noradre-
naline (NA), whereas type "B" oxidizes benzylamine and B-phenylethylamine. 
Substrates such as tyramine and tryptamine are determined by both 
forms of M A O (Houslay et al., 1976). In the present study, no attempt 
was made to differentiate the activity of two isoenzymes, M A O " A " 
and M A O "P>", Benzylamme hydrochloride was used as a substrate 
m the present study. M A O activity showed an increasing trend in all 
brain regions and spinal cord with the passage of time followed by restraint 
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stress. An increase in M A O activity with age in the cerebraJ cortex, 
medulla, hypothalamus, striatum and midbrain of mice, monkeys and 
human has been reported (Robinson et al,, 1972; Nies et al., 1973; Samorajski, 
and Rolsten, 1973; Fowler et al., 1980). In most of the 
earlier studies, various workers have compared M A O activities of young, 
adult and aged rats. The results of the present study are in accordance 
with the earlier reports. The relative and region specific changes in 
brain M A O activities observed in ageing, could be an indication of neuronal 
degeneration (Peng and Lee, 1979) as suggested by Oreland (1979) or 
the result of changes in lipid composition (Sun and Samorajski, 1972). 
Since the membrane-lipid microenvironment is important in the regulation 
of functional M A O activity (Tipton et al., 1973), the elevation of this 
enzyme by restraint stress may be associated with the alteration of 
membrane-enzyme relationship. The increase in M A O activity was observed 
despite the decrease in the level of glutathione and glutathione reductase 
and increase in lipid peroxidation products. The results showed increased 
production of nervous system by monoamine oxidation. 
The increase in M A O activity in ageing may be associated with Parkinson's 
disease and other old age diseases due to rapid degradation of catecholamine 
causing depletion of dopamine. 
Recently, from our laboratory, Naqvi and Hasan (1991) reported 
regional alterations in the rnoiioarnine oxidase activity following the 
administration of dimec ron. They showed that VIAO activity was increased 
after chemical stress. 
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5.2.5 Nucleic acids and Nucleases : Effect of age and restraint 
s t r e s s 
The present study showed age-related perturbations in the levels 
of nucleic acid (DNA and RNA ) and the activity of nucleic acid enzymes 
(DNase and RNase) in various regions of C N S following hours restraint 
stress. 
5.2.5.1 Deoxyribonucleic acid (DNA) and the activity of Deoxyribonucleic 
enzynnes (DNase) 
D N A is the singular "nnarker" substance which can be used as an 
index of histologic structure. D N A seems particularly plausible as a 
critical target in ageing because of the central role of D N A in information 
transfer between generations of somatic cells. In the present study, 
D N A levels showed age-related depletion in all the regions of brain 
and spinal cord of rats following 2k hours restraint stress. These obser-
vations are in concordance with histochemical findings (Fig. ^^A?) - 4.50). 
It was shown that different regions of the brain had different D N A 
concentrations, with the maximum in cerebellum. the findings are in 
agreement with the observations of May and Grenell (1959). Greater 
amount of D N A in cerebellum reflects the extreme cell density of cerebellar 
granular layer. This observation finds support from the earlier reports 
of Tayydba et al. (1981), Vadhwa (1989), Naqvi and Hasan (1992) from 
our laboratory. 
Ames (1983), Cutler (1985), c:utler (1986) and Adelman et al. (1988) 
have reported T h a t dmiinution of D N A content with ageing is due to 
oxidative damage to D N A . Damage is caused by reactive oxygen species, 
lipid hydroperoxides and tiieir radial and aidehydic degradation products 
(Mead, 1976; Pietronigro et al., 1977), and oxidation products of aromatic 
ammo acids and purines. Hyperboric oxygen induces mutations in bacteria 
(Amstad and Cerutti, 1983) and chromosomal aberrations in eukaryotic 
cells (Yost and Fridovich, 1976;Bruyninckyx et al., 1978), probably because 
the amount of reactive oxygen produced by cellular metabolism in this 
situation is increased (Chance et al., 1979). Indeed, O ^ and H^O^ 
mutagenize bacteria and induce D N A breaks and chromosomal aberrations 
(Lesko et al., 1980; Brawn and Fridovich, 1981). Characteristic D N A 
lesions are single and double-strand breaks at apurinic and apyrimidinic 
sites, and products of the 5,6-dihydroxydihydrothymine type, O ^ induces 
strand breaks in intracellular D N A (Birnboim and Kanabus-Kaminska, 
1985; Birnboin, 1986) and liberates nucleobases from nucleotides (Yamane 
et al., 1987). Several models relate oxidative D N A damage to ageing 
(Adelman et al., 1988). Free radicals could react with nuclear D N A 
and produce somatic mutations including point or frameshift mutations, 
deletions and strand breaks. Even without causing a mutagenic event, 
oxidative D N A damage may lead to ageing. For example, by inducing 
loss of 5-methylcytosine since methylation of cytosine may be important 
in turning off genes in differentiation (Richter, 1988). Our results provide 
strong evidence that D N A damage because lipid 
peroxidation products were increased with the passage of time (Gupta 
et al., 1991) as well as restraint stress. C'.dthcort et al,, (198^^) suggest 
that the higher rate of oxygen metabolism per mass of body tissue 
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in the rat leads to a greater flux of oxygen radicals and an enhanced 
rate of thymine glycol fornriation in DNA . A higher level of oxidative 
D N A dannage in the rat may be partly responsible for the corresponding 
higher age-specific cancer rate for the rat as well as its shorter life 
span compared with the human. 
Interestingly, in the present study, the deoxyribonucleic enzyme 
(DNase) was increased in the various regions of C N S of aged rats with 
increased age as well as restraint stress. The significantly increased 
activity of acid DNase in various brain regions and spinal cord correlates 
well with the decrement in the DNA . Acid DNase of rat brain appears 
to be endonuclease because neither mononucleotides nor nucleosides 
were found even after 25 per cent of the D N A added as a substrate, 
was hydrolysed to acid-soluble nucleotides. The acid DNase reported 
here, which preferentially attacked native DNA , was strictly an endonuclease 
forming oligonucleotide terminating in 3'-phosphate. This was demonstrated 
by the appearance of nucleosides and nucleoside diphosphate after incubation 
of the digestion products (oligonucleotides) with 5'-nucleotidase-free 
venom phosphodiesterase. 
Cerebellum is known to contain a higher concentration of D N A 
than the other areas of brain (Heller and Elliott 1954; Palladin, 1955; 
May and Grenell, 1959). There may be some relation between the 
high concentration of DNA and the low concentration of acid DNase 
m cerebellum. 
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5.2.5.2 Ribonucleic acid (RNA) and the activity of Ribonucleic enzyme 
(RNase) 
The R N A levels were depleted significantly in hippocampus, hypo-
thalamus, cerebrum, cerebellum, brain stem and spinal cord with the 
passage of time. This type of damage may be an important factor 
in ageing. The decrease correlates well with reported depletion of 
R N A in aged animals (Ringborg, 1966; Mann and Yates, 1983; Strehler, 
1986; Peters et al., 1987), while some other workers reported that 
the R N A was not changed grossly in most tissues throughout the life 
span in the whole monkey brain (Farquler et al., 1979), whole rodent 
brain (Colemanet al., 1980; Anzai et al., 1983), most brain regions 
(Chaconas and Finch, 1973) and other tissues (Richardson and Birchenell-
Sparks, 1983). Interestingly, in the present investigation, R N A levels 
showed elevation in the various regions of brain and spinal cord of rats 
following hours restraint stress (Table ^^.22). However, the response 
of R N A following restraint stress is different from D N A response in 
that the former increases in most of the regions while the later decreases. 
Thus the effect of restraint stress on R N A cannot be compared with 
D N A and this may be due to the changes in the activity of enzymes 
which controls the synthesis and turnover of nucleic acids. The increment 
of R N A synthesis is due to damage of the neurons (Mcllwain and Bachelard, 
1971). Previous reports from our laboratory also showed the elevation 
of R N A in various regions of brain after chemical stress (Hasan et 
dl., 1979b; Tayyabd et al., 1981; Naqvi and Hasan, 1992). Demyelination 
IS a feature of poisoning by many toxic chemicals and that results in 
the increased produc tion of RNA (Heath, 1961; \U llwain and Bachelard, 
1971). The elevation of RNA levels is generally associated with the 
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improvement in protein nutrition or tissue function. The enhanced level 
of R N A content in the different regions of the brain suggests that selective 
synthesis of protein might have occurred under stress condition (Prosser, 
1969). 
It is thought that the processing of the cellular amount of R N A 
is regulated by RNases. Brain contains several RNases activity, distinguished 
by different pH optima and present in free or latent form (Koenig et 
al., 196^ ;^ Ghosh and Ghosh, 1969; Bates et al., 1985). In the present 
study, only acidic RNase activity v^ -as estimated. The acid RNase activity 
was increased in various regions of brain and spinal cord with increasing 
age (Table ii.25). On the other hand, the acid RNase activity was decreased 
in different parts of C N S following 2k hours restraint stress. This enzyme, 
normally latent in vitro, is localized mainly in the lysosomes, with low 
levels of activity in neuronal and glial nucleic (Koenig et al., 196^; 
Ghosh and Ghosh, 1969; Ittel and Mandel, 1979). It is reasonable to 
assume that lysosomes might contribute to the ageing process by increasing 
their activity and/or by releasing many hydrolases into the cytoplasm. 
Damage to lysosomal membranes could occur, for instance, by the production 
of free radicals and lipid peroxidation (Goto et al., 1969; Hochschild, 
1971), A release of lysosomal enzymes from liver tissue, especially 
in animals deficient m dietary free radical-scavenging components has 
also been reported (Chen and McCay, 1972). Furthermore, lysosomes of 
the old, large motor neurons of the anterior horns of the spinal cord 
dod pyramidal tells of the motor cortex in rats were found to have 
d clearly reduced membrane resistance m comparison with lysosomes 
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of young neurons (Brunk and Bran, 1972). The effect of the lysosomal 
nnembrane shrinkage, most likely secondary to earlier changes, could 
result in a derangement of other cellular activities, such as the protein 
synthesis mechanism, ultimately el iciting an impairement of cell machinery. 
5.2.6 Protein 
The alterations in the neuronal activity are accompanied by measurable 
changes in macromolecules like proteins in brain cells. The specific 
neuronal functions, such as conduction of action potentials and synaptic 
transmission, are known to be mediated by proteins (Bock, 1978). 
Mcllwain and Bachelard, (1971) have reported that many environmental 
and nutritional factors may perturb the brain protein. The total protein 
level was decreased significantly in various parts of brain and spinal 
cord of aged rats following 2k hours restraint stress (Table ^^.26). The 
decrease of protein despite its continued synthesis suggests high rate 
of utilization of protein in ageing and restraint stress. According to 
Ahmad et al. (1978) the decrement of protein was due to increased 
proteolytic activity necessiated by greater energy demands under toxic 
stress. It has been reported by Hyden and Lange (1972) that the increased 
neuronal activity inhibits the synthesis of protein. Age-related decline 
in the rate of protein synthesis is widely described in the brain of other 
rodent organs (Dwyer et al., 1980; Rothstein, 1982; Richardson et al., 
1987), whereas other studies show no changes (Cosgrove and Rapport, 
1987). These divergent results of different studies are difficult to interpret. 
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Reduction of protein can be correlated well with D N A loss. The autolysis 
of D N A to neuron auto-damage. Remaining cells may have increased 
their R N A in an attempt to survive. According to Le Bel and Bondy (1991) 
there is also evidence of protein damage and increased rate of intracellular 
proteolysis in aged animals. The accumulation of damaged proteins 
in the ageing brain may be compatible with a concurrent decrease in 
levels of reactive oxygen species, since the former event represent 
a cumulative process while the latter assay reflects only current activity. 
Increased proteolytic activity in the ageing brain may reflect an adaptation 
to deal with an elevated amount of non-functional denatured proteins 
(Davies, 1987). Such damaged proteins appear abnormally early in diseases 
of premature ageing such as progeria and Werner's syndrome (Stadtman, 
1990). Vitamin E deficiency, in both experimental animals and man, 
also leads to an excessive accumulation of lipofuscin (Sokol, 1989). The 
lipofuscin content of neurons increases with senescence and this pigment 
consists of a proteinaceous complex that is resistant to break-down (Porter, 
1988). The accumulation of lipofuscin with age appears to be a consistent 
parameter (Hasan and Glees, 1972a) that holds true over a wide range 
of species (Floyd et al., 198'f). Such proteins may be cross-linked products 
produced by oxidative events, which are no longer substrates for proteolytic 
break-down and thus accumulate within the cell (Gutteridge et al., 1983). 
In other words, altered protein structure and function may be a contributing 
factor to senescence. Our results support this evidence because lipofuscin 
pigment was increased with ageing as well as following restraint stress. 
The present histochemical and electronmicroscopic studies lend strong 
support to our biochemical results. 
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5.2.7 Cortisol 
Our finding that Cortisol secretion is enhanced following 24 hours 
continuous restraint stress is in agreennent with the observations of 
earlier investigators (Schreck and Lorz, 1978; Strange and Schreck, 1978; 
Schreck, 1981, 1982; Harpaz and Katz, 1992). The increase in Cortisol 
after 150 days may be due to an increase in A C T H or other trophic 
hormones in the circulation, a change in sensitivity of the adrenal gland 
to trophic stimulation, increase in adrenal weight, changes in the metabolic 
clearance rate of Cortisol, changes in gluco-corticoid metabolism,, and 
changes in the regulation of the I I B - O H SD enzyme system leading 
to a decreased conversion of Cortisol to cortisone. As with many others 
physiologic systems, it is highly likely that Cortisol regulation is dependent 
upon more than one of these factors (Witzmann, 1981). Epinephrine 
has a direct stimulatory effect on adrenal Cortisol secretion via an 
o{-adrenergic mechanism and it has also been suggested that not only 
A C T H but also epinephrine is an important factor for the regulation 
of Cortisol secretion (Mokuda et al., 1992). Alterations in Cortisol level 
are also related to changes in lipid, protein and carbohydrate metabolism 
(Woo et al., 1978; Sheridan et al., 1983; Barton et al., 1985), The bidi-
rectional nature of the pituitary-adrenocorticol response, which implies 
that environmental challenges can either elevate or supress the secretion 
of Cortisol is well documented for many procedures (Lundberg and Franken-
hauesr, 1980). 
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5.3 Histochemical and Histological Changes after Restraint Stress 
Histochemically, the most interesting observation after hours' 
restraint stress is the decrement of total lipids and phospholipids in 
aged rats hippocampus and cerebellum, whereas D N A was decreased 
and R N A was elevated in different regions of rat cerebrum and cerebellum. 
Interestingly, lipofuscin pigment was increased. All these observations 
are in agreement with our biochemical findings. 
In the present study, histological observations show degeneration 
of pyramidal cells of hippocampus, and Purkinje cells of cerebellum 
in aged rats following restraint stress. The increase in the dark Purkinje 
cells is suggestive of altered metabolic situation on the functional status 
of these cells. Meitner (1977) observed a remarkable increase in luxol 
fast blue positive cells in rats immobilized for 96 hours. He noticed 
positive cells for 100 negative (light cells) in a given section. 
Furthermore, Meitner (1977) also noticed a significantly better demonstra-
tion of dendritic branches in Purkinje cells of stressed animals, which 
could be followed for a longer distance. The fact that the metabolic 
homeostatic stress to the whole organism by immobilization increases 
the number of positive or dark Purkinje cells at the cost of negative 
ones speaks in favour of the present results. Purkinje cells are 
affected by many toxic substances, e.g. alcohol, arsenic, oxygen deficiency. 
In diseases, these are the first cerebellar cortical neurones to be affected 
(Bergmann, 1966). Earlier, McConnel and Berry (1976) reported increased 
density of Purkinje cells, and more closely packed granule cells with 
wider clear spaces between them after starvation stress in rats. They 
further noted that the high lysosomal activity and unknown metabolic 
conditions possibly result in the fornnation and deposition of lipofuscin 
pigment in the brain. 
5A Electron microscopy 
The electron microscope has proven to be an invaluable tool for 
studying the ageing nervous system of both animals and man. Evaluation 
of the fine structural changes of neurons, synapses and neuropil provided 
importnt clues to further our understanding of the various aspects of 
ageing. The pathogenesis of brain ageing indicates that a number of 
alterations occur in neurons that share certain common characteristics. 
Electron microscopic studies have identified three types of neurons. 
The first type are slightly changed neurons. The second type are neurons 
with hypertrophy of cell organelles: in the foamy cytoplasm the nucleus 
has numerous protrusions, the cavities of the cytoplasmic reticulum and 
reticular apparatus are enlarged, the number of ribosomes is reduced 
and there are swollen mitochondria. The third type are neurons with 
signs of dystrophy: the nucleus is dense, the perinuclear space has cisterns 
and pores, mitochondria are without cristae, lysosomes, have broken 
membranes etc. (Artyukhina, 1969; Aksenova, 1973). 
A Lipofuscin and electron dense bodies 
The most significant fmding of the present study is the increase 
of lipofuscin and electron dense bodies. The most regular, stable and 
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distinct sign of ageing cells seems to be accunnulation of lipofuscin, 
the 'pignnent of ageing', which is an autoperoxidation product of unsaturated 
lipids of membranes (Hasan, 1983). The pigment masses are generally 
polymorphic and exhibit a highly heterogeneous interior consisting of 
extremely dense bodies of varying sizes embedded in a matrix of somewhat 
lower density. They are usually contained by a close fitting membrane 
and show considerable diversity in shape, size and internal detail (Duncan 
et al., 1960; Hasan and Glees, 1972a). Lipofuscin granules differ in 
their properties (staining, chemical composition) and by origin. Previous 
studies, on the chemical nature of lipofuscin isolated from normal human 
brain, using IR, UV-visible, N M R and fluorometric spectra, all indicate 
the fundamentally lipid nature of lipofuscin (Taubold et al., 1974). A 
number of fatty acids and several amino acids are present as a portion 
of the lipofuscin structure. Thus the neuronal lipofuscin consists mainly 
of polymeric lipid and phospholipid structures along with amino acids, 
either bound to the lipid or as included proteins. The origin of lipofuscin 
was propounded by several investigators from various organelles, such 
as mitochondria (Hasan and Glees, i972a; Glees and Gopinath, 1973; 
Glees et al., 197if; Gopinath and Glees, 197^ ;^ Glees and Hasan, 197^ )^, 
lysosomes (Sekhon et al., 1969; Hirsch, 1970), endoplasmic reticulum 
(Strehler, 1964; Novikoff, 1967) and Golgi apparatus (Bondereff, 1957). 
Lipofuscin is a biological marker of not only ageing but also of environ-
mental stress (Hasan, 1985). In the present study, 24 hours' restraint 
stress induces remarkable deposition of the pigment in the aged rat 
hippocampus, hypothalamus and cerebellum. These results are in concor-
dance with the previous results of our laboratory (Hasan et al., 1982; 
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Hasan, 1985). Earlier, Kerenyi et al. (1968) reported the effects of 
psychological stress on lipofuscin deposition in the brain of the rat. 
Rats were repeatedly subjected to conflicting feeding and defence situations. 
Although Purkinje cells of the cerebellar cortex are normally quite free 
from lipofuscin, it was remarkably increased in these cells under the 
conditions of psychological stress. Furthermore, chemical intoxication 
is known to cause increased accumulation of lipofuscin in the rat hypo-
thalamus and hippocampus (Hasan et al., 1977a) and in the rat cerebellum 
(Hasan et al., 1978; Hasan and Ali, 1981). Additionally, increased lipofuscino-
genesis has been correlated with the enhancement of the rate of lipid 
peroxidation in the various regions of the central nervous system following 
chemical stress (Hasan and Ali, 1980; Hasan and AJi, 1981; Hasan et 
al., 1984; Hasan 1985; Hasan and Khan, 1985; Vadhva and Hasan, 1986; 
Gupta and Hasan, 1988; Naqvi et al., 1988). Thus the increase in the 
incidence of lipofuscin correlated well with peroxidation in the various 
regions of the CNS. The similarity of peroxidation end products to 
electron dense pigment granules has been varified by Chio and Tappel 
(1969) on the basis that lipid peroxidation of subcellular organelles gives 
fluorescent products with fluorescence and excitation spectra similar 
to those of lipofuscin pigment. 
Mitochondria may undergo a slow degenerati ve process and autooxidation 
with increasing age (Glees and Hasan, 1976). Also, metal-toxicosis and 
chemical intoxication (Hasan et al., 1979b; Patro et al., 1991) are known 
to induce lipofuscinogenesis, closely associated with degenerating pleomorphic 
mitochondrial profiles. Double membrane surrounding the pigment masses 
in cultured neurons supports the concept of mitochondrial origin of lipofuscin 
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(Hasan and Glees, 1972a; Glees and Gopinath, 1973; Goplnath and Glees, 
197U). Observations of intramitochondrial "dense bodies" by Hasan and 
Glees (1972b), Spoerri and Glees (197^^) as well as histochemical and 
biochemcial studies by Colcolough et al. (1972) have provided support 
for the view that degenerating mitochondrial are instrumental in the 
genesis of lipofuscin. It may be argued that mitochondria undergoing 
lipofuscin degeneration may already be classified as lysosomes but this 
somewhat simple classification fails to stress this important transformation 
of ageing neuronal mitochondria into lipofuscin. Also, tissue culture 
studies of Glees et al. (1974) and Spoerri and Glees (197^;) convincingly 
demonstrated the mitochondrial origin of lipofuscin pigment. Thus it 
seems reasonable to postulate that decomposition of the mitochondrial 
meterial is not only an important source of lipofuscin, but is at the 
same time a key to the understanding of one mechanism of ageing. 
According to Hasan (1983) mitochondria are the most vulnerable organelles 
affected in a unitarian way by ageing, disease, stress or chemical toxicosis 
and leading to the intracytoplasmic deposition of the wear and tear 
pigment, lipofuscin. However, the possibility cannot be excluded of a 
chain activity beginning in the vicinity of the nucleus (perhaps linked 
with R N A - D N A turnover) and involving Golgi complex endoplasmic reticulum 
and mitochondria. In this way, the ultimate deposition of lipofuscin 
pigment occurs in the cytoplasm. 
Glees and Hasan (1976) made an attempt to relate intracellular 
changes due to ageing or experimental interference and leading to lipofuscin 
deposition to neurological diseases characterized by lipid degeneration. 
A deposition of lipid material occurs in a number of diseases (neuronal 
lipidoses). The true storage diseases represent in-born errors of metabolism 
and occur because of a basic metabolic defects. A massive intraneuronal 
deposition of lipofuscin has often observed in amaurotic familial idiocy 
(Douglas-Wilson, 1970). This condition has been classified under "neuronal 
ceroid lipofuscinoses" (NCL), a group of progressive encephalopathies, 
inherited as autosomal recessive traits and charaterized by a wide-
spread accumulation in the body of autofluorescent pigment believed 
to arise during the destruction of cells by lipid peroxidation and the 
action of oxygen radicals. The present investigation js in agreement 
with the above statement. 
5A.2 Mitochondria 
Many neurons in old age have variegated size and shape of mitochond-
ria. In the present study, pleomorphic, long, scattered, spherical and bead 
like mitochondria were found in various regions of aged rat brain following 
restraint stress. However, in another study of pyramidal neurons of 
the cerebral cortex, and Purkinje cells of the cerebellum, it was observed 
that the mitochondria were mainly filamentous or rod-like in young 
animals, while short rod and granular form as well as spherical or bead 
like forms were observed in the cells of old mice (Brizzee et al., 1975). 
Many neurons in old age have large mitochondria with light matrix and 
deformed cristae. It can be assumed that the process of energy production 
in these mitochondria are somewhat disturbed since the cristae carrying 
the assemblies of respiratory enzymes are damaged. Under conditions 
of decrease in the number of mitochondria, the existence of pleated, 
bead-like mitochondria with inward extensions and even fragmented 
mitochondria may be considered as an adaptive mechanism facilitating 
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the supply of substrates into the mitochondria. The disturbance of 
the whole ensemble of relationship between the respiratory chain components 
will result in impaired oxidative processes. Weinback and Garbus (1956) 
reported the decreased permeability and increased fragility of mitochondria 
from old animals' liver and brain. The mitochondria of aged animals 
are less resistant to storage and can be destroyed more readily. 
5A.3 Lysosomes 
Lysosomes were first described by de Duve et al. (1955). They 
were found to contain hydrolytic enzymes which are normally concerned 
with the digestion of cell nutrients, cell protein turnover, tissue remodelling, 
lysis of foriegn particles and autolysis of dead cells. The disturbance 
of membrane and general lysosomal structure promotes the death of 
structurally altered neurons during ageing. The damage to the lysosomal 
membranes in vivo with the subsequent leakage of potent destructive 
enzymes into the cytoplasm could damage many important cellular com-
ponents. Gedlgk and Bontke (1956), Brandes et al. (1962), Pilgrim (\96tt), 
Samorajski et al. (1965), Novikoff (1967) and Hirsch (1970) advocated 
the lysosomal origin of pigment. A lysosome is a common cytoplasmic 
organelle containing a single delimiting membrane with acid phosphatase 
activity. In their examination of cerebral biopsy material acquired 
from a subject with juvenile lipodosis, Gonatas et al. (196^^) reported 
a number of membranovesicular bodies and compounded bodies containing 
lipofuscin, all combined within a single membrane. They concluded 
that these morphological units represented a chain of chemical and 
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structural transformations which resulted in the formation of pigment 
bodies. The fact that lipopigment exhibits a variety of internal structures 
during its formation indicates that the chemical composition of the 
pigment may be extremely complex. One important factor, which ought 
to be stressed, is that all types of pigments are composed of large 
quantities of unsaturated fatty substances and proteins. Miyagischi 
et al. (1971) assert that pigment formation begins with the increasing 
cytoplasmic deposition of osmiophilic fine granular material containing 
lipids and that the lysosomes play an important role in the intermediate 
stages of completion of this pigment. But it should not be forgotten 
that the views correlating pigments with lysosomes are based on the 
relationship of acid phosphatase and other acid hydrolases to lipofuscin 
granules. On the other hand, pigment granules obtained in bulk from 
heart muscle by the centrifugation technique (Hendley et al., 1963) 
failed to show the expected abundance of acid phosphatase activity. 
Novikoff (1967) suggested that the enzymes might have been damaged 
by the release of free radicals during the peroxidation reaction in which 
lipid residues were transformed into fluorescent pigment. However, 
a damage of this kind was never observed by Hirsch (1970). 
In the present study, many smaller osmiophilic granules resembled 
lysosomal profiles. But the larger dense bodies exhibited highly organized 
and irregular patterns. The cerebellum and hypothalamus contained 
laminated finger-print like pattern unlike normally visualized in the 
lysosomes, the ultrastructural conformation of dense bodies differed 
significantly from the normal pattern. At best, a few could be designated 
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as tertiary lysosomes or phagosomes. In no instance, a transition fronn 
primary lysosomes to the characteristic electrondense granules observed 
after immobilization stress, could be seen. 
5AA Endoplasmic reticulum, Microtubules and Coated vesicles 
The cytoplasmic matrix is traversed by a complex network of inter-
connecting membrane bound vacuoles or cavities. These vacuoles often 
remain concentrated in the endoplasmic portion of the cytoplasm, therefore, 
known as endoplasmic reticulum. Morphologically the endoplasmic reticulum 
is composed of cisternae, vesicles and tubules. The granular or rough 
type of endoplasmic reticulum possesses rough walls because the ribosomes 
remain attached with its membranes. Ribosomes play a vital role in 
the process of protein synthesis. 
Another interesting finding of the present study in an apparent 
increase in the microtubules and coated as well as uncoated or smooth 
vesicles particularly seen in the cingulate cortical neurones and Purkinje 
cell perikarya. Evidence is accumulating that coated vesicles provide 
a fundamental mechanism for the specific transfer of membrane-associated 
molecules among a variety of intracellular compartments (Roth et al., 
1976). Coated vesicles account for most if not all, of the receptor 
mediated endocytosis (Goldstein et al., 1979). They appear also to function 
in the transport of proteins to the plasma membrane (Rothman and 
Fine, 1980), to secretion granules (Franke et al., 1976) and to lysosomes 
(Friend and Farquhar, 1967). Freed and Lebowitz (1970) suggested that 
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microtubules may be the linear guiding elements responsible for the 
saltatory movement of lipid granules, lysosmes and pinocytotic vesicles. 
The close association of electrondense granules and microtubules observed 
in the present study might thus be interpretted to represent a static 
electronmicrograph of a dynamic intracellular transport process. Moreover, 
Murphy and Tilney (197^) have shown that microtubules are semistable 
organelles. The removal of the microtubules may be limited, therefore, 
to their rate of turnover and inhibition of formation of new structures. 
Notably, the increase in microtubules was found to be associated with 
depletion of ribosomes in the stressed rat cerebellar Purkinje perikarya. 
This finding is supported by the observations of Masurovsky et al. (1981) 
in taxol-treated mouse dorsal root ganglion-spinal cord cultures. According 
to these workers, at sites where microtubules were related to ER cisternal 
membranes, ribosomes were not found interspersed with them. 
Furthermore, larger coated vesicles ( 100 nm) are supposed to be 
associated with the movement of absorbed proteins to lysosomes; smaller 
ones ( 75 nm), on the other hand, are budded off the Golgi apparatus 
and contain lysosomal enzymes (Bassett and Pollard, 1980). The formation 
of larger uncoated vesicles, according to these workers, appears to be 
via a process of pinocytosis, where smaller vesicles coalesce to form 
larger ones. Bassett and Pollard (1980) further concluded that the larger 
vesicles tend to congregate near, and to fuse with, the lysosomes. They 
opined that though the transport of uncoated pinocytotic vesicles via 
the microtubules is not known, the lysosomes observed in the vicinity 
of Golgi bodies are indicative of such a transport. 
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Neuron Nucleus 
The present observations showed irregular nuclear profiles and 
clumping of the chromatin in hippocampus, hypothalamus and cerebellum 
of aged rat (2^ months old) a f t e r h o u r s restraint stress. The alterations 
in nucleus structure, occurring in neurons, are the results of essential 
age changes in the genetic apparatus (Brizzee et al. 1975). These ultra-
structural disturbances of cell nucleus correlate with changes of chromatin 
content in them. The disturbances of the nuclear membrane affect 
protein biosynthesis, thereby deteriorating both R N A transport from 
the nucleus to the cytoplasm and regulating factors from cytoplasm 
to cell nucleus. Thus, the disturbances in nuclear-cytoplasmic relations 
are linked not only with changes in relationship between the nucleus 
and cytoplasm volumes and shifts in the nucleus structure per se but 
also with the shifts in the permeability of the nuclear membrane. A 
decrease in number of ribosomes, in which protein molecules are assembled, 
affects significantly the protein biosynthesis (Hasan and Glees, 1973b; 
Johnson and Miquel, 197^). 
5.4.6 Neuropil 
Axons, myelin sheath and synaptic terminals exhibited marked variations 
in size, shape and granularity. In the present study neuropil showed 
disorganization of the dendritic and axonal profiles following restraint 
stress in aged rat cercbellurn. 
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Some ultrastructural studies in mice have revealed no changes in axon 
cirucumference in relation to age, but pyramidal tracts of the older 
animals had thicker myelin sheaths. The ratio of axon cirucmference 
to number of myelin lamellae in the sheath decreased with increasing 
age (Brizzee et al., 1975). In the ageing rat brain, spontaneous axonal 
degeneration has been found more severe than in younger animals (Johnson 
and Miquel, 197'f). Shattering of the myelinated fibre may involve the 
axon and its myelin sheath or myelin degeneration surrounding a normal 
axon. Degeneration of myelin after restraint stress in aged rats has 
been clearly demonstrated in Fig. 4.101. Our observations are in 
agreement with the previous investigators (Sotelo and Palay, 1971; Rees, 
1975). The phenomena, therefore, may be a manifestation of normally 
occurring axonal remodeling as well as an age-related dystrophic finding. 
The present study shows numerous age-associated and stress-induced 
degenerating synaptic profiles or altered neurites containing dense osmophilic 
bodies, possibly representing early changes that subsequently may become 
manifest in some instances as neuritic plaques. Our observations are 
in concordance with the previous findings (Hasan and Glees, 1973b; 
Wisniewski et al., 1973; Wisniewski and Terry, 1973; Mervis et al., 1979). 
Synaptic degeneration in the C N 5 has been described, appearing either 
as an electron-dense phase or as neurofilamentous hypertrophy (Sandbank 
and Bubis, 197^ )^. However, in ultrastructural studies, in is especially 
cntiral to compare the morphological findings from both aged and young 
(control brains). This is because the appearance of degenerative synaptic 
chiinges may represent an uncommon, but not an abnormal finding m 
young subjects and, therefore, may not in itself be indicative of a patho-
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logical or degenerative process. Rather, it may be an expression of, 
perhaps, some form of neuronal plasticity or remodeling (Rees, 1976). 
5A.7 Neuroglia 
Neuroglia also exhibited 'degenerative changes with ageing. Parallel 
to hypertrophy and hyperplasia of various glial cells, one can find fragmen-
tation, clasmatodendrosis and granular degradation of all kinds of glia, 
appearance of secondary lysosomes and lipofuscin like bodies loss of 
the integrity of bordering membranes of the processes and changes in 
mitochondria (Kononenko, 1972; Bogolepov and Shavrin, 1973; Brizzee 
et al., 1975; Sturrock, 1976). According to Hasan and Glees (1973a,b), 
ultrastructural studies of age difference in neuroglia showed increased 
oligodendroglial satellitosis, binucleated cells or fusion of oligodendroglia 
and invagination of oligodendroglial nuclear membranes and a marginal 
condensation of nuclear chromatin with age. 
It is worth mentioning that during ageing the number of nerve 
fibers is decreased, that the remaining nerve fibers undergo some destructive 
and degenerative changes accompanied by processes of demyelinization 
and inadequate remyelinization by atrophy of nerve endings. 
SUMMARY 
AND 
CONCLUSION 
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In the present study an attempt has been made to delineate the 
age-related and stress-indued alterations in the central nervous system 
of rat. From the preceeding discussion, it is evident that a close relation-
ship exists betv^/een ageing and stress. Novv-a-days life has become 
very fast, with the rapid advancement of science and modernization, 
due to which the entire environment has become polluted. This has 
produced many health hazards. Different types of stresses are present 
in our daily life and they affect the different systems of the body at 
different rates. Nervous system is the most vulnerable region of the 
body. It is the submission of the author that the results obtained in 
this study provide a guideline towards a better understanding of the 
precise mechanism of the ageing and stress-induced neurochemical, histo-
chemical and histological changes in rat brain and spinal cord. Effects 
of N-acetylhomocysteine thiolactone (citiolone) on various regions of 
aged rat C N S following restraint stress have also been studied. Findings 
in the present study are suggestive of the following conclusions: 
Restraint stress produces modifications of the gastric mucosa leading 
to focal areas of partial surface erosions, followed by a detachment 
of the superficial cells resulting in gastric ulcers of variable shapes 
and sizes. Restraint stress-induced elevation of Cortisol was also 
observed in the present study. 
Brain is rich in lipids. The data show that total lipid, phospholipids, 
cholesterol, triglycerides increased with the passage of time (3 
to months), whereas, gangiiosides elevated from 3 to 18 months 
while, depleted in 24 months old rats. However, significant decrease 
was found in all the parameters after 24 hours restraint stress. 
355 
The major consequences of reactive oxygen species' damage 
to a tissue are lipid peroxidation and their end-products. In the 
present study, the levels of lipid peroxides, lipid hydroper-
oxides, conjugated dienes and lipofuscin were elevated with senescence 
as well as following 2k hours restraint stress in various regions 
of rat CN5. 
Antioxidant defence system - Glutathione is one of the major 
aqueous antioxidant of cellular systems and its content is 
correlated with life-span of organisms. The present study 
shows extensive Joss of reduced glutathione (GSH), Total 
- SH (T-SH) and protein -SH levels in hippocampus, hypothalamus, 
cerebrum, cerebellum, brain stem and spinal cord of aged 
rats after restraint stress. Interestingly, oxidized glutathione 
(GSSG) content increased with age and restraint stress. From 
these observations it can be inferred that there is an increase 
in oxidative stress with age and a concomitant loss of antioxidant 
defenses. 
SOD is an enzyme which participates to control the damage 
of tissue produced by free radicals. The data show a progressive 
loss of SOD enzyme activity with age and restraint stress 
in various regions of CNS . This may be the result of proliferation 
of glial cells due to neuronal degeneration associated with 
age. 
Catalase activity is very low in brain tissue. It was observed 
that catalase activity declined in various regions of brain 
(hypothalamus, hippocampus, cerebrum, cerebellum, brain 
stem) and spina! cord with age following continuous hours 
restramt stress. 
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Glutathione reductase, glutathione peroxidase and glutathione-
S-transferase were reduced with age following restraint stress. 
The decline in GSH pool may be limiting the activity of these 
enzymes with age and stress. 
The present study shows age-related increase in M A O activity 
in different brain regions and spinal cord following restraint 
stress. The increase in M A O further confirms the observations 
made with protective enzymes. The age-related and stress-
induced increase in M A O may contribute to oxyradical fluxes 
in brain as one of its products. H^O^ can generate highly 
reactive oxyradical species - hydroxyl radical (OH'). Increase 
in lipid peroxidation products also confirmed elevation of oxygen-
centered species. 
Inhibition of DNA with passage of time and restraint stress 
in various regions of C N S was observed in the present investi-
gation. However, R N A levels were decreased in different 
regions of brain with ageing. Interestingly, R N A levels were 
elevated after restraint stress. On the other hand, DNase 
activity enhanced with senescence following restraint stress, 
whereas, RNase activity depleted following restraint stress. 
Protein levels were decreased in different regions of brain 
in aged rats following restraint stress. This establishes the 
role of intracellular proteolysis in aged animals. 
N-acetylhomocyteine thiolactone (citiolone) administration in 
rats of different ages produced inhibition of lipid peroxidation 
products and elevation of antioxidant - glutathione and antioxida-
tive enzymes such as SOD, CAT , GSHPx, GR and GST in 
various regions of brain and spinal cord. Interestingly, when 
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citiolone was administrated for 7 days followed by restraint stress 
for 2k hours, the lipid peroxidation products were decreased. 
They reached nearer to control values. Glutathione, SOD, 
catalase, and glutathione related enzymes were also reduced. 
Total lipids, phospholipids, lipofuscin and nucleic acids (DNA 
and R N A ) contents after restraint stress were also studied 
histochemically. The histochemical observations were in con-
currence with the biochemical findings. 
Light microscope study showed the degeneration of pyramidal 
cells of hippocampus following restraint stress. Purkinje cells 
of cerebellum also showed degeneration and appearance of 
vacuoles. Neuroglia cells increased in number after restraint 
stress. 
The main findings of the transmission electron microscope 
study of the hypothalamus, hippocampus and cerebellum following 
restraint stress were increase of lipofuscin pigment, electron 
dense bodies, clumping of chromatin, irregular nuclear profiles, 
vacuolar spaces in axonal profiles and mitochondria with dense 
matrix. An increase in GERL- l ike profiles in hypothalamus 
and cerebellum were also seen. 
The results of the present study clearly indicate that restraint 
stress induces biochemical and histological changes in the CNS. Regional 
heterogeneity observed after restramt stress, suggests a selective vulner-
ability of the nervous system. 
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